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TRANSACTIONS 


OF THE 


AMERICAN PHILOSOPHICAL SOCIETY. 


ARTICLE I. 


A DICTIONARY OF THE EGYPTIAN LANGUAGE. 
BY EDWARD Y, McCAULEY, U.S. N. 


Read October 20, 1882. 


PREFACH. 


In 1880, I made a manuscript copy of Dr. Birch’s Egyptian Dictionary (Vol. 
V, of Bunsen’s Egypt). As it was inadequate for the present requirement I added 
to it a list of words compiled from translations, lately made, of papyrus texts and 
monumental inscriptions, with the aid of Chabas’ Melanges Heyptologiques, and the 
works of Grebaut, Deveria, Goodwin, &c. Finally, I closely compared the work 
with Pierret’s Vocabulaire, the latest issue of the kind, resulting in the Dictionary 
now laid before the Society. 

I claim for it that it contains all the words that could be obtained from the 
sources I have just mentioned, and probably all that have been defined by Egyp- 
tologists up to the present time. . 

These words, and their variants, are placed under their proper initial symbols 
or characters, which, being carefully indexed, even the uninitiated may work out 
the meaning of a hieroglyphical text. : 

I have not placed any geographical or theological names in the book. 
Our constantly increasing information on the geography and religion of ancient 
Hegypt, necessitating constant correction, I thought it better to restrict myself 
to the compilation of a book that would be of use in translating ordinary lin- 


gual text. 
EH. Y. McCAULEY. 


PHILADELPHIA, December, 1882. 
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ARTICLE II. 


ON THE INTERCENTRUM OF THE TERRESTRIAL VERTEBRATA. 


BY E. D. COPE, 


Read before the American Philosophical Society, January 1, 1886. 


Since the discovery of the rhachitomous Batrachia, two different views of the 
homologies of the segments which compose the bodies of their vertebree have been 
maintained. According to the one first proposed, that of the writer,* the segments in 
the accompanying cuts of Z'rimerorhachis insignis Cope, and Eryops megacephalus Cope, 
marked p, represent the centrum proper; while those marked 2, are pieces which are 


Fie. 1.—Trimerorhachis insignis ; a, occiput from behind ; 8, angle of the mandible, side ; ¢, do. from behind ; 
ad, part of vertebral column, lateral view, neural arches resting on intercentra through a loss of chorda dorsalis and 
pressure ; e, do. obliquely from above ; 7, intercentra; p, pleurocentra. Original; from American Naturalist, 1884, p. 
33. From the Permian of Texas. Natural size. 


intercalated between the true vertebree, and are, therefore, appropriately termed znter- 
centra. According to the second interpretation, that of Professor Gaudry,t the three 
elements p p and 2, together, gonstitute a vertebra. It follows that ¢ cannot then be 


* American Naturalist, 1878, p. 327. Proceedings Amer. Philosoph. Society, 1878, p. 510, 518, 522. Naturalist, 


1878, p. 633; 1886, 75. 
+ Bulletin de la Société Geologique, France, 1878, p. 62; Enchainements du Monde Animal, 1883, p, 271. 
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properly termed an intercentrum, so it is named by Gaudry the hypocentrum. The 
question as to which of these interpretations is correct has an important bearing on 
the homologies of the corresponding parts in other batrachians and in reptiles; and 


Fie. 2.—Eryops megacephalus ; vertebral column from the left side, one-fourth natural size. Original ; from 


Proceedings American Philosoph. Society, 1881. 


the phylogenies of these classes cannot be determined until the question is settled. 
The following pages are devoted to this subject. 


J.—THE BATRACHIAN INTERCENTRUM. 

That the intercentrum exists is shown by the very frequent occurrence in the 
Pelycosaurian reptiles of the Permian epoch, of a wedge-shaped bone between the 
vertebral centra on their inferior side* (Plate I, Fig. 9). Apparently homologous 
elements occur in the dorsal and cervical regions of Sphenodon,f and in the cervical 
regions of various other lizards. Similar pieces are found in the dorsal and caudal 
regions of various Mammalia, for instance, Hrinaceus.[ But in general they are 
wanting from Mammalia, and are better developed in the Pelycosauria than in any 
other order of reptiles. . 

In the Pelycosauria (Clepsydrops, Dimetrodon), the intercentra of the caudal region 
are continuous with, or form a wedge-shaped common head, of the chevron bones 
(Plate I, Fig. 9). In the rhachitomous Eryops, in the caudal part of the column, 
the pieces which correspond with the intercentra of the Pelycosauria in forming the 
expanded heads of the chevron bones, are those which I have termed intercentra, and 
which Professor Gaudry has called hypocentra (Plate I, Fig. 1). Here, as in the 
dorsal region (Cut 2), the intercentra present their lateral angles upwards towards 
the neural arch. The neural arch rests exclusively on the pleurocentrum, which in 
turn adheres to the intercentrum behind it by its long side, and to that in front of it 
by its short side or end. The diapophysis belongs exclusively to the basal part of the 
neural arch in the dorsal and cervical regions, and its extremity forms a vertical 


* Cope, Proceeds. Amer. Philos. Soc., 1878, p. 510; 1880, p. 38. 
+ Giinther, Transac. Royal Society, 1867, Pl. ii, Fig. 17; Albrecht, 
} Meyer, Neues Jahrbuch f. Mineral., Bd. IT, pp. 229-80, 
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articulation for a single-headed rib. In the cervical region the articular surface for 
the rib is continued downwards, forming a shallow groove on the posterior part of the 
side of the intercentrum. This groove becomes shorter, and finally disappears from 
the intercentra at some distance posterior to the cervical region. In the cervical 
region in some of the specimens a groove crosses the inferior side of the inter- 
centrum, passing through and dividing into two parts the costal groove. It appears 
to be a suture which cuts off a segment from the posterior side of the intercentrum. 
This segment is coossified with the intercentrum in most of the cervical vertebre of 
Hryops megacephalus, and disappears so completely from the vertebre posterior to 
this region, that it is impossible to say whether it is primitively absent, or coossified. 
The narrower anteroposterior diameter of the intercentra, and the absence of the 
Jateral costal articular groove would indicate its total absence. This element has 
been observed by Fritsch in some Bohemian forms, and has been termed by him the 
hypocentrum pleurale. 

In the genera described by Dr. Fritsch from the Permian Gaskohle of Bohemia 
some conditions have been described by him which differ considerably from those 
mentioned above. The figures given by Dr. Fritsch are not entirely consistent 
with each other, and appear to have been taken from imperfect specimens. Thus in 
Sparagmites lacertinus F'r.,* a neural arch is represented as resting on an intercen- 
trum, while the arch next behind it rests on a hypocentrum pleurale, or a divided 
pleurocentrum. It is not possible to be certain whether the neural arch stands on the 
centrum or intercentrum in the caudal region of Diplovertebron, as in some figures it 
covers both (Pl. 52, Fig. 2), and in others only one of these elements (PI. 50, Fig. 
14). In the caudal region of the Diplovertebron punctatum,+ the vertebrae have dif- 
ferent forms, one being produced inferiorly apparently for a chevron bone, and another 
posterior to it, being without prolongation, and without chevron. It is not possible 
to be sure from Dr. Fritsch’s descriptions and figures whether the chevron bones are 
articulated, or are continua, in these genera. 

Dr. Fritsch, however, determines the presence for the first time of the hypocen- 
trum pleurale, and describes it in the genera Chelydosaurus and Sphenosaurus.t 
With Gaudry, however, he regards the intercentrum as the true centrum, and then 
homologizes the hypocentrum pleurale with the intercentrum of the Pelycosauria. 

I have attempted to sustain my interpretation of these homologies by reference 

, ? : 


* Fauna der Gaskohle der Permiformations Beehmens, Bd. ii, H. 1, Pl. 50, Fig. 16. 

+ Loe. cit., Pl. 50, Fig. 14. Dr. Fritsch believes the inferior long bone to be a rib. 

t Loc. cit., pp. 25-28. : = 
§ American Naturalist, 1885, p. 76; Proceeds. Amer. Philos, Soc., 1878, p. 522, 


\ \ 


246 ON THE INTERCENTRUM OF THE 


to the genus Cricotus, type of the order Embolomeri; a form which has not yet been 
found in Europe, so far as ascertainable. In this genus the chevron bones are con- 
tinua, while the neural arch is free, as in Eryops. The element which bears the 
chevron bone being regarded, as in that genus, as the intercentrum, we can affirm 
(Fig. 3) that the intercentrum is continued upwards to the neural canal, forming a 
disk, and the pleurocentra are continued downwards and are united below, forming a 
complete centrum. This explanation looks the more reasonable in view of the exist- 
ence of the hypocentrum pleurale in the Sphenosauride, which if combined with the 
pleurocentra would form a completed centrum. It is, however, uncertain as yet 
whether this is the make-up of the centrum in Cricotus, because in Eryops the hypo- 
centrum pleurale unites with the intercentrum and not with the pleurocentrum. That 
my determination of the homologies of the vertebral disks in Cricotus is correct is 
further evidenced by the structure of the caudal region of Eryops. In 7. erytholiticus 
(Pl. I, Fig. 1), the pleurocentra descend further than in the dorsal region, reaching 
to the inferior face of the column, and separating the intercentra from mutual contact. 


Fie. 3.—Cricotus crassidisews Cope, posterior part of vertebral column two-fifths natural size; original ; from 

American Naturalist, 1884, p. 87. Fig. a, proatlas; 6, do., with first cervical; ¢, cervicals; d, proximal caudals 
from below ; ¢é, distal caudals left side. Pu, pubis; a, ilium; 7s, ischium; ¢, intercentrum; ce, centrum (pleurocen- 
trum) ; 7, ribs. 
Further development of their inferior portion, with truncation of inferior surface, 
would represent the structure stated by Fritsch to characterize Archegosaurus, and 
which is still better developed in Cricotus. The chevron bones are always continua 
in both Eryops and Cricotus, Of the latter genus I possess in my collection many 
caudal intercentra with chevrons, of all ages, and in none of them is there any sutural 
articulation visible (Pl. I, Fig. 6). ; ) : 

The correctness of this determination is further confirmed by a study of the dorsal 
region of Cricotus. In passing along the caudal region towards the sacrum the 


oy 
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arch, from resting by more than half its base on the intercentrum (Fig. 3) gradually 
transfers itself to the centrum, at the base of the caudal series. It maintains this 
position throughout the lumbar and dorsal series,* resting freely in an angular fossa 
of each side of the anterior three-fourths of the superior face of the centrum. It bears 
the diapophysis with the usual articulation for a single-headed rib (Plate I, Fig. 3). 
The intercentra even continue to the cervical region, which terminates anteriorly in an 
intercentrum, which is perhaps the body of the proatlas, the processus dentatus of the 
atlas of the existing Batrachia, and the occipital condyle (without basioccipital bone) 
of the Reptilia. + In addition to the preceding reasons for adopting my determination 
of centrum and intercentrum, it may be added, that in the Cricotus heteroclitus Cope 
the dorsal intercentra are much narrowed above,{ some of them so much so as to have 
a sharp edge, which forms but a narrow bridge above the foramen (Plate I, Figs. 7-8) 
chord dorsalis. 

According to Gaudry, the structure of the dorsal part of the vertebral column in 
Actinodon and Archegosaurus is identical with that of HEryops§ (Fig. 4). This 


4, f 5. 
Fia. 4.—Archegosaurus decheni Goldf. Section of dorsal vertebre, restored by Gaudry ; natural size. Let. a, d, 
neural arch ; c, neural canal. : 
Fra. 5.—The same species ; dorsal vertebr, copied from Fritsch ; natural size. Letter 7, intercentrum, p, cen- 
trum ; pz, postzygapophysis ; 7. sp., neural spine. 


author represents the neural arch as resting on the pleurocentrum. Fritsch, on the 
other hand,|| represents the neural arches as slightly in contact with the intercentra, and 


* Proceedings Amer. Philosoph. Soc., 1884, p. 29. 

+ Amer. Naturalist, 1884, p. 37. 

¢ Proceeds. Amer. Philos. Society, 1877, p. 186 (see C. discophorus, which was founded on such intercentra) 
§ Enchainements du Monde Animal, Fossiles Primaires, p. 261, fig. 259. - 

| Fauna der Goskohle, Tab. 58, fr. 13, 
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the pleurocentra as between their bases, a condition of things which is probably due 
to disturbance of the parts before fossilization (Fig. 5). Fritsch also represents the 
neural arch in Sphenosaurus and Chelydosaurus as resting on the intercentrum, in 
diagrammatic manner,* and the pleurocentra and hypocentrum pleurale as alternating 
with them. As Dr. Fritsch does not give profile figures of the original specimens, 
one cannot judge how much may be due here also to disturbance of the parts. Still 
more open to this question are the figures of Von Meyer.+ ‘The true relation of the 
parts cannot be learned from these figures and descriptions, and it is probable that the 
specimens at the disposal of European paleontologists generally are as yet much 
inferior in the condition of their perservation and in size to those found in Texas. 

The vertebra of the true Stegocephali are, so far as known, undivided and with- 
out intercentra, with one exception, and that is the genus Branchiosaurus Fritsch.t 
According to this author, each vertebral body is composed of three parts, a median, 
an anterior, and a posterior. ‘The median, if separated from the other two parts, would 
be bi-concave, and it supports the rib. Each of the extremital segments presents a 
conyexity towards the median segment, resembling the epiphysis of a mammal. What 
the homologues of the three parts may be remains to be ascertained. 


IJ.—THE REPTILIAN INTERCENTRUM. 


The Rhynchocephalian genus Sphenodon has been represented by Gunther to 
have cervical and some dorsal intercentra.§ It therefore seemed probable that its 
structure might throw some light on the homologies of the batrachian and reptilian 
intercentra. I therefore dissected the vertebral column of a specimen in alcohol kindly 
presented to me by my friend, Dr. James Hector, chief of the Geological Survey of 
New Zealand. The attachment of the chevron bones does not, in the figure of Giin- 
ther, resemble very closely that seen in Clepsydrops, but on examination I found the 
relations to be structurally and homologically identical with that found in Crico- 
tus. The caudal vertebre are separated by a rather thick disk of intervertebral carti- 
lage which surrounds the foramen chorde dorsalis, resembling closely the intereentrum 
of the Embolomeri. There is an internal annular deposit of phosphate of lime, which, 
if extended to the entire cartilage, would give us an embolomerous intercentrum like 
that of Cricotus. This resemblance is a true homology, for the chevron bones spring 
from this cartilage, although in slight contact with the centrum in front of it (Plate 
I, Fig. 10). | 

* Fauna der Goskohle, pp. 25-28. 

+ Paleontographica, 1858, Vol. vi. 


¢ Fauna der Gaskohle, Bd. i, Heft. 1. 
§ Transactions of the Royal Society London, 1867, pl. ii, fig. 23. 
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There can then be no doubt of the homology of the cartilaginous intercentrum of 
Sphenodon with those of the Pelycosauria, and of the entire centrum of Sphenodon 
with that of the Pelycosauria. The division of many of the caudal centra of Sphe- 
nodon and of many lizards, is evidently not explained by the supposition that one of 
the parts is an intercentrum. That they are halves of a single centrum is not only 
rendered probable by the above determination of the intercentrum, but is supported 
by the modifications presented by the centra themselves. In Sphenodon, instead of 
gradually losing one of the halves, the latter become, without diminution, more and 
more consolidated towards the anterior part of the caudal series, and merge into the - 
ordinary type of vertebra, each proximal centrum representing both halves of a distal 
one (Plate I, Fig. 10). 

It is thus probable that each vertebra of a Lacertilian* and of a Pelycosaurian 
represents one centrum, and that intercentra are present in some types, and absent in 
others, except as always represented by the chevron bones of the tail. Is this the 
case with the existing Batrachia ? 


Fic. 6.—Hryops megacephalus. Vertebral column represented in Fig. 1, from below; one-fourth natural size. 
From Permian epoch of Texas. 


In an important memoir, Hoffman} presents us with the results of his investiga- 
tions into the homologies of the ribs of the terrestrial Vertebrata. He finds that in all 
of them, excepting the Batrachia, the primitive ribs are processes of the intervertebral, 
and not of the vertebral cartilage. The intervertebral cartilage in reptiles with ball 
and socket joints divides, each half uniting with its adjacent body, the one to form 
the ball, and the other the concave extremity of a vertebra. In the Mammalia the 
halves form the epiphyses respectively. In this class the head of the rib justifies this 
origin, remaining as it does articulated in a fossa which is equally excavated from two 
adjacent epiphyses. I have shown that the head of the rib in the Pelycosauria is artic- 
ulated with the undivided intercentrum.{ The structure in this order is in confirma- 
tion of the doctrine that the element I have called intercentrum is such in fact. The 
passage of time has seen in the Reptilia in general, the same modification in the mode 
of attachment of ribs as occurs ‘in the vertebral column of the Mammalia, etc., in pass- 


* Baur shows that in the Lacertilian genera Uroplates and Gecko, intercentra are present throughout the dorsal, 
lumbar, and sacral regions. American Naturalist, 1886, p. 174. 
* + Niederlendisches Archiv. f. Zodlogie, 1878, p. 199. 
¢ Proceeds. Amer. Philos, Society, 1884, p. 48 ; Proceeds. Amer, Assoc, Adv. Science, 1884, p. 474, 
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ing from the front to the back. The intercentral articulation is lost, and finally the head 
of the rib disappears. Only the tubercular attachment to the diapophysis remains, 
in the Streptostylica, and this is a simple one. 

In the modern Batrachia the rib articulation is that of a double-headed rib to a 
double-headed diapophysis which originates from the neural arch. _ There is nothing 
in the history of the class to show that, as in the case of the reptiles, the head has 
been transferred or Jost. In recent Batrachia, elements resembling the intercentra of 
Pelycosauria are unknown. ‘The origin of the ribs of fishes and Batrachia have been 
shown by Geette to be in the connective tissue of the interspaces of the myocommata, 
which are opposite.the middles of the vertebral centra. It follows that there is at no 
time connection of the ribs with the lines of separation of the vertebral bodies. 

If the intercentra become the functional centra in the Sphenosauride, it is likely 
that they are such in the Stegocephali, and in the modern Batrachia.* It follows, 
then, that Batrachia, excepting Rhachitomi and Embolomeri, have no centra, but in- 
tercentra only. This view is confirmed by three facts, two of them already mentioned : 

I. There are no intercentrum-like bodies in existing Batrachia. 


II. The ribs which originate from intercentral cartilage and intercentra in reptiles, 


originate from the principal vertebral bodies in Batrachia. 

III. The chevron bones are continua with intercentra in Reptilia, and with the 
caudal vertebral bodies of Batrachia. 

With regard to the last proposition I may add, that I have examined young Nec- 
turus maculatus, of four inches in length ; of larvee of Gyrinophilus porphyriticus, of 
three inches; of Spelerpes ruber of two and a half inches; of Amblystoma punctatum, 
of 35mm; and of Spelerpes bilineatus, of 25mmy length. In none of these is the 
least trace of articulation of either chevron bone or of neural arch in any part of the 
column to be discovered (Plate I, Fig. 11). 

Researches into the embryology of the Urodela and Anura have not yet brought 
to light any traces of the rhachitomous structure ; which is probably a case of inexact 
parallelism, coenogeny or falsification of the embryonic record—a phenomenon which 
is not uncommon. There can be no doubt, however, that the entire record was pre- 
sented in the embryonic history of Permian land Vertebrata, and for a long period 


subsequently, but that the rhachitomous stage has been, with the true centrum, lost 


from the batrachian line at least. . 
As I have shown, in the Embolomeri the intercentra tend towards reduction in 
the dorsal region, while the centra are predominant. If the tendency of the evolution 


* American Naturalist, 1886, p. 77. >’ - 


+ For these specimens I am greatly indebted to the Smithsonian Institution and the Secretary, Prof. Bai ‘d. 
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of the Batrachia has been to the extinction of the centrum, the line of the Embolomeri 
tends in the opposite direction, or towards the type of the Reptilia. Although the 
general characters of the skull of Cricotus are Batrachian, the presence of a free pro- 
atlas (Fig. 3, a b) adds to the evidence of reptilian affinity.* It is probable then that 
we have in the Embolomeri that order of Batrachia from which the Reptilia were 
derived, through intermediate forms not yet discovered. It is also evident that the 
Sphenosauridee cannot be referred to this order as I have proposed, but that they con- 
stitute a family of Rhachitomi. 

We have thus clearly shadowed forth in the Permian Vertebrata the ancestry of 
the existing true Fishes,t Batrachia, Reptilia, and Mammalia.§ 


IT].—ALTERNATIVE EXPLANATIONS. 


I may here consider other possible ways of interpreting the homologies of the seg- 
- ments of the rhachitomous vertebral column, as follows: Let us first suppose with 
Gaudry and Fritsch that the segments called intercentra in the figures and plates 
accompanying this paper, are the true centra, and that the chevron bones are not 
continua, but are originally separate, and have become coossified with the elements 
with which we find them now continuous. It will follow that the larger bodies of the 
vertebral column of Cricotus, which in the dorsal region support the neural arch, are 
intercentra, and that the centra are in that genus in process of extinction. The same 
will be true of the so-called dorsal, and part or all of the so-called caudal vertebree of 
Sphenodon, and of the Pelycosauria. We thus have the Reptilia in the position which 
I have assigned to the Batrachia, the terms centrum and intercentrum being merely 
reversed. As, however, these names were first applied to the Pelycosaurian reptiles 
by me, and as it will require less change of nomenclature to retain these names for the 
bodies as they appear in Mammalia and Reptilia, it will be better to maintain the 
proposition that the Batrachia have lost their centra, and retain only intercentra. 
Another alternative is to regard the hypocentrum pleurale as the intercentrum with 
the chevron bone. It will be remembered that the hypocentrum pleurale is described by 
Dr. Fritsch as lying below the pleurocentra. This is of course on the anterior side of | 
the “hypocentrum.” It looks reasonable to suppose that in the completion of the body 
of which the pleurocentrum is a part, the hypocentrum pleurale should be included. 
Such might be supposed to be the case in the centrum of Cricotus, and of the Pely- 


* The proatlantal centrum is thorouglily codssified in all the salamander larve above referred to. 

+ [have suggested this view in the American Naturalist, 1884, p. 387; 1885, p. 77. 

¢ Additional specimens of Didymodus display very distinctly the sutures I have described, which Mr. Garman 
thinks to be accidental. 

§ A second posterior foot of Clepsydrops displays perfectly the mammalian characters I have ascribed to it. 
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cosauria. But on this point we have as yet no evidence. On the other hand in the 
rhachitomous Eryops, where the centrum is not completed, we have seen that in the 
cervical region the hypocentrum pleurale probably unites with the intercentrum in 
front of it. Let us suppose this to have been the case throughout the vertebral 
column. The interpretations would be as follows: 

In the caudal region of Eryops the hypocentrum pleurale would bear the chevron 
bone, and the present intereentrum would become the centrum. We would then have 
in the caudal region of Archegosaurus and Cricotus, the remarkable state of affairs of 
two true centra present, one of which has an intercentrum coossified with it, and the 
other supports the neural arch. The same would be the interpretation of the dorsal 
structure in Cricotus. As there is no direct evidence of such structure in the vertebral 
regions mentioned, nor in the caudal region of the Pelycosauria, its assumption appears 
to me to be the least probable alternative before us. Under this interpretation we have 
to regard the pleurocentrum as either vanishing, or becoming coossified with the inter- 
centrum (m., hypocentrum) in the vertebral centra of existing Batrachia, which would 
then consist of four elements each, viz., two pleurocentra, hypocentrum pleurale, and 
intercentrum (hypocentrum), in the caudal region at least. Of this no evidence can be 
obtained from embryos of a length of 25mm and over. In Reptilia the centrum would 
consist of pleurocentrum and intercentrum (hypocentrum) combined, a division of which 
we have no evidence in the embryology of the vertebral column in these animals. In 
the divided caudal centra of the lizards one might see intercentrum (hypocentrum) and 
pleurocentrum, but this supposition is not necessary to account for this structure. I 
have observed aboye, that the evidence furnished by the vertebree themselves is in 
favor of this division having arisen in the middle of a true centrum. The chief objec- 
tion to this interpretation of the reptilian centrum is, however, to be found in the 
column of Cricotus, where we find the large bodies which bear the chevron bones, in 
the process of extinction, leaving behind bodies which are homologous with the centra 
of the Pelycosaurian reptile. And this is equally true, whether we regard the hypo- 
centrum or the hypocentrum pleurale as the intercentrum, for it is the pleurocentra 
which remain, to be the true centra of Cricotus. 

Thus on either of the assumptions just mentioned, the development of the dorsal 
part of the vertebral column in Cricotus is in an opposite direction to that stated by 
Fritsch to characterize the Sphenosauridee. This is the main point to be proven. If 
further I have shown that the larger dorsal bodies of Cricotus are homologous with 
the centra of the Pelycosauria and Lacertilia, the proposition remains proven that as 
inferior vertebral bodies of the Rhachitomi and the entire vertebral bodies of existi 
Batr achia, are intercentra and not centra. 
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In order that the result shall be otherwise, it will be necessary to make the 
extreme assumption, that in Cricotus the two vertebral bodies represent hypocentrum 
pleurale (bearing chevron), and hypocentrum, the pleurocentrum having disappeared. 
The reader can judge which of the alternatives is the more probable, the disappear- 
ance of the insignificant hypocentrum pleurale, which only exists in distinct form in 
the Sphenosauride, or of the large pleurocentra which are so well developed in the 
Rhachitomi, and which in the caudal region of that order are almost identical with the 
bodies marked ce in Cricotus (Fig. 3). On this hypothesis we are led to the reductio 
ad absurdum, that the bodies which do not support the chevron bones in the caudal 
region of Eryops (Pl. I, Fig. 1 ¢), are not homologous with the bodies which do 
not support the chevron bones in the caudal region of Cricotus (Pl. I, Fig. 2 c-5) 
with which they are identical in position and connections. 


Explanation of Plate I. 


Figs. 1-6, two-thirds natural size; Figs. 7-10, natural size; Fig. 11, five times nat. size. 
Fig. 1.—Hryops erythroliticus Cope (Hpicordylus olim), proximal caudal vertebre. The first intercentrum is the 
last one without chevron bone. From the Permian of Texas. 
Fig. 2.—Cricotus hypantricus Cope, portions of the vertebral column of one individual, selected from the cervical 
(a), dorsal (b), and caudal (c), regions ; left side. From the Permian of Texas. 
Fig. 3.—The centrum of the anterior dorsal vertebra of 2b, from front, showing the hypantrum and hypantra- 
pophyses. (Proceedings Amer. Philos. Soc., 1884, p. 29.) | 
Fig. 4.—Another dorsal centrum without neural arch, from front ; a, from behind; 0, from above, showing facet 
or neural arch. 
Fig. 5.—Intercentrum from cervical region, showing rib attachment, from front; a, from behind ; 0, from the 
side ; ¢, from above. 
Fig. 6.—An intercentrum from the caudal region ; a, from above. 
Figs. 7 and 8, dorsal intercentra of Cricotus heteroclitus Cope, from Illinois; collection of W. F. E. Gurley. 
_ Fig. 7.—Lateral view. 
Fig. 8.—Front view of another intercentrum, the superior part broken away ; a, lateral view. 
Fig. 9.—Clepsydrops natalis Cope, a portion of the caudal region, showing ribs and chevron bones, from the side + 
fig. 9a from below, showing one free intercentrum, out of its place (¢). From the Permian of Texas. 
Fig. 10.—Sphenodon guentheri Buller; from New Zealand, caudal vertebre, lateral view; a, an intercen- 
trum with chevron bone from front. The reticulated portions are osseous tissue. 

‘Fig. 11.—Spelerpes bilineata Green, larva, vertebree, five times natural-size, linear. 11a, Three cervical vertebre, 
including atlas and connate centrum of proatlas ; 115, a dorsal vertebra ; 11c, two sacral and two anterior caudal verte- 
bree ; 11d, second caudal vertebra from behind. The caudal vertebrae show the continuity of the chevron bones. Speci- 
men from the collection of Professor 8. F. Baird. _ 
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pra, proatlas, centrum. ; é poz, postzy gapophysis. 
z, intercentrum. ha, hypantrum. 
p, pleurocentrum, * hap, hypantrapophysis. 
c, centrum. 3 ne, notochordal foramen. 
ch, chevron bone. f, foramina. 2 
7, rib. a st, sacral intercentrum. 
peri v! d, diapophysis. CEA sc, sacral centrum. 
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ARTICLE III. 
A CHEMICAL STUDY OF YUCCA ANGUSTIFOLIA.* 


BY H.C. DES. ABBODT, 


Read before the American Philosophical Society, December 18, 1885. 


This plant is well known in the West as the “soap-weed.” It grows very abun- 
dantly in most of the Western States and Territories. It has attracted the attention 
of botanists, and it is a plant of interest on account of the many uses to which it has 
been put in the countries where it is found. 

The results noted in this paper are based upon a first and introductory chemical 
analysis of the Yucca. Previously, little has been studied of its chemistry. It is 
briefly mentioned in the work of a French writer, Dr. Georges Pennetier;} also, in a 
paper on the study of manganese found in the ash of plants in which M. Maumené 


states that the ash of the Ywceca contains manganese.{ He does not name what spe- 


cies of Yucca was examined. The former writer gives the micro-chemical characters 
of the action of iodine and sulphuric acid, dilute chromic acid, and cuprammonia on 
the fibres of the Yucca angustifolia. 

The specimens of Yucca used in these analyses were of large growth and in good 
condition. The entire plant was examined, and a separate study made of the bark and 
wood of the root, and of the green leaf and the yellow basal part. The roots were air- 


-dried, freed from adherent dust, reduced to a very fine powder, and passed ere a 


No. 80 sieve. The leaves were less finely powdered. 

Dragendorff’s scheme for plant analysis§ has been generally followed. Ten 
grams of the air-dried powder were used for the preliminary examination of soluble 
substances. For every gram of the powder, ten c. c. of the solvents were em- 
ployed. An additional quantity of the powder was prepared for special purposes. 
Five grams of the air-dried powder were dried, in a hot-air Bt at a —_—— : 


ment of Science, at Ann Arbor, Michigan, August 28, 1835. 
+ Lecons sur les Matiéres Premiéres Organiques, Paris, 1881, p. 446. 
¢M. E. J. Maumené, Bul. de la Société Chimique de Paris. Tome xlii, p. 305. 


§ Plant Analysis. Qualitative and Quantitative, by G, Dragendorff, Translated from the Germs 
Greenish; London, 1884, 
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between 100° C. and 110° C. until the weight remained constant, for the estimation of 
moisture. This powder was incinerated in a covered porcelain crucible at a dull red 
heat until the carbon was entirely consumed. The per cent. of total ash was deter- 
mined from it. 

QUALITATIVE ASH ANALYSES. 


Calcium, magnesium, potassium, sodium, iron, manganese, chlorides, phosphates, 
and sulphates, were found in every part of the plant. 


I. MOISTURE 


Determinati 
ermination of Il. TOTAL ASH 


on the powder. 


| ve TT, Color of Ash. 
(1.) The bark of the root....... - 6.78 per cent. 17.38 per cent. reddish 
(2.) ‘* wood eae eS oasis | 11.67 ef 15.75 “ “gray 
Gey eer reen Oal.'5..1's dae. <6. 8.11 Zs | 5.75 « | gray 
(4.) ‘* yellow base of leaf. ws .| es 10.63 x | lite 


PETROLEUM SPIRIT EXTRACTS. 


Extract (1) Bark of Root. 


The maceration was conducted in‘an apparatus similar to one described in Drag- 
endorff’s “ Plant Analysis.”* A light petroleum spirit was used which boiled between 
25° C. and 45° C. The extract was filtered from the powder-residue. It was a clear 
pale yellow-colored liquid, and slightly acid in reaction. A drop of the extract on 
evaporating left a uniform spot on blue paper. The extract was evaporated at the 
ordinary temperature. The residue was a solid, and it had the odor and characteristic 
crystalline structure of fatty acids, suggesting the presence of a fixed oil. Its melt- 
ing point was taken. The substance melted at 60° C., and on cooling solidified amor- 
phous. To determine the total amount of solids extracted, a definite volume of the 
extract was evaporated, dried, and weighed. 


TOTAL SOLIDS, 


EAUEDLALENADUT UD MEatitLe OLIGO Ab) LOOM Oveielsiccisis cess siccccsccctesvienesseccce vesce 1.24 per cent of solids, 
ef Jig SE eEANQOUG Pe tie daiscte Hatinakts cigars antics ate ttaimvetcletbis'e 1.20 o Ag ee 
0.04 Se *¢ loss. 


The residue was identified as a fixed oil. It was soluble in petroleum spirit, 
ether, benzole, chloroform, amyl alcohol, carbon di-sulphide, and cold aqueous alka- 


; 


lies; incompletely soluble in cold or boiling 86 per cent. alcohol, 95 per cent. alcohol, 
absolute alcohol, acetic ether, and ammonium hydrate. No change of color was 


* Page 99, Tollen’s apparatus, 
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observed on treating the fixed oil with concentrated sulphuric acid, nor on the addi- 
tion of syrupy phosphorie acid, though it was partially soluble in these acids. Phos- 
phoric acid colored it yellow; it was colored yellowish by concentrated hydrochloric 
acid and nitric acid of 1.22 specific gravity. A mixture of concentrated sulphuric 
acid and nitric acid of 1.22 specific gravity changed the color of the fixed oil to a red-. 
dish-brown; it was colored pale green by sulphuric acid of 1.634 sp. gr. and of 1.53 
sp. gr. Calcium di-sulphide gave a bright green color reaction with the fixed oil, but 
did not form an emulsion with it; aqueous solutions of gold and platinum chlorides 
were reduced by it. The fixed oil was saponified with difficulty by alcoholic seda; 
but readily by boiling aqueous soda; a white fragile soap was separated and filtered 
from the liquid. The soap was decomposed by hydrochloric acid and the fatty acids 
separated. The filtrate from the soap was examined for glycerin. By the method* 
used, an oily liquid was obtained, it was heated with anhydrous borax on platinum 
foil, and gave the usual green-colored flame test for glycerin. The alcoholic solution 
of the petroleum spirit residue was fractionally precipitated with an alcoholic solution 
of magnesium acetate, and traces of an amorphous residue were recovered.f 

The petroleum spirit residue was digested with water containing sulphuric acid, 
and examined for alkaloids which are sometimes brought down with fixed oils. The 
usual reagents failed to detect traces of alkaloids. 


Extract (2), Wood of the Root. 


The maceration was carried out under the same conditions as in extract (1). 

The extract was a clear, colorless solution, neutral in reaction. A drop of the’ 
liquid left no uniform spot on blue paper. The extract was evaporated at the ordinary 
temperature. The residue was light yellow-colored, of a semi-solid consistency and 
melted at 36° C. A definite volume of the extract was evaporated, dried, and weighed. 


TOTAL SOLIDS. 


-_ 


Petroleum spirit reatdue dried at 100° Orr.1. c. sive wc nine maeite wisisine ie cleats aly ealioe eke ce 0.55 per cent of solids. 
6 < feeb teh Wasa ASA sesreaasotd Hidde 0.35“ bal 820 
0.20 53 HIRE 


The residue was identified as a fixed oil; associated with volatile fatty acids. 
The latter were indicated by the 0.2 per cent of loss, and the disagreeable odor of the 
residue which was dissipated on heating at 110° ©. 

The petroleum sprit residue from the extract was evaporated at the ordinary on 
perature, dissolved with difficulty in cold 95 per cent. alcohol, and in boiling weaker 


_* «Plant Analysis.”’ G. Draggendorff, p. 12. 
+ Loe. cit., page 16, 
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alcohol; absolute alcohol hardened and discolored it. Concentrated sulphuric acid, 
nitric acid, and hydrochloric acid, did not appreciably act on the residue. It was not 
saponified, but slowly dissolved by boiling aqueous and alcoholic soda. The alco- 
holic solution of the petroleum spirit residue was submitted to a fractional precipi- 
tation with an alcoholic solution of magnesium acetate. The first precipitation 
obtained was purified by boiling alcohol; it was an opaque scaly crystalline solid 
which melted at 85° C. The second precipitation yielded traces of a white amorphous 
substance. The third precipitation resulted from adding strong ammonia water to the 
magnesium acetate solution, and the purified residue melted at 60° C. 

Negative tests for alkaloids followed an examination of the aqueous treatment of 
the petroleum spirit residue. | 


Extract (3), Green Part of the Leaf. 


The method of extraction was the same as that used in the previous extractions. 
The extract was clear, pale green in color, and non-fluorescent. It was colored by a 
small quantity of chlorophyll, which the petroleum spirit dissolved. The liquid was 
acid in reaction. <A drop of it left a permanent stain on blue paper when evaporating. 
The extract was evaporated at the ordinary temperature, and the residue was a dark 
greenish-yellow semi-fluid substance. The solidifying point was taken. It was found 
to be about 15° C. A definite volume of the petroleum spirit extract was evaporated, 
dried, and weighed. 


TOTAL SOLIDS. 


REP OeeL Mere TextaweOTiCd: At LO0S Ciaueiveces caieveilasecsnevesesacesicciey ebiee's 2.20 per cent of solids. 
ae 5S ey SL MUU atin Siy sf iarars (it abctoli ani’ se eleierayo¥s.aieuiveieis si 2.01 ss “f eo 


0.19 “e = loss: 


The petroleum spirit residue was identified as a fixed oil with a small amount of 
chlorophyll that had been brought into solution by it. It was soluble in cold 83 per 
cent. alcohol, 95 per cent. alcohol, absolute alcohol, amyl alcohol, ether, acetic ether, 
chloroform, benzole, carbon di-sulphide and glycerin. It was also soluble in oil of 
turpentine, almond oil, ammonium hydrate, mercuric chloride, and slowly soluble in 
acetic acid. Concentrated nitric acid, and hydrochloric acid slowly dissolved the 
fixed oil, the former colored it dark green, and on stirring the mixture the color was 
changed to a brown. Concentrated sulphuric acid dissolved and changed it to a very 
dark-brown color; on adding concentrated nitric acid, the liquid was changed to a 
reddish-brown color. 

: The following reactions were noted: The fixed oil changed to a hard greenish- 
| yellow substance on heating it with anhydrous borax on platinum foil. When rubbed 


¥ 
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on a crucible lid with powdered rosaniline, it was colored red, showing the presence of 
free fatty acids. It did not emulsify with calcium di-sulphide nor with syrupy anti- 
mony chloride, but it was colored dark-green by the latter. It was imperfectly dis- 
solved by phosphoric acid, and slowly soluble in equal parts of cane sugar and concen- 
trated hydrochloric acid; more rapidly soluble in equal parts of cane sugar and nitric 
acid. An aqueous solution of picric acid made alkaline by sodium carbonate colored 
the fixed oil a light reddish-brown color, cane sugar added to the solution facilitated 
dissolving it. It was instantly dissolved by equal parts of picric acid and acid ammo- 
nium phosphate, and on warming with stannous chloride, leaving a turbid yellow- 
colored liquid. It was insoluble in aqueous barium hydrate; soluble in alcoholic am- 
monia with no coloration, and in sulphurous acid. It was colored brown when mixed 
with sulphuric acid of 1.634 specific gravity, and incompletely dissolved; it was also 
colored brown by ferric chloride. On adding to the fixed oil sulphuric acid of 1.475 
specific gravity, and a small quantity of zinc, hydrogen was generated, and the solubil- 
ity of the oil in the acid liquid was accompanied by a rosy tint given to the solution. 


Extract (4), Yellow Part of the Leaf. 


This extract was obtained by a similar process as that used for the other petro- 
leum spirit extracts. The extract was a pale yellow-colored liquid. The reaction was 
slightly acid. A uniform spot was left on blue paper as the drop evaporated. ‘The 
petroleum spirit was evaporated at the ordinary temperature, and a yellow-colored 
residue recovered, of a semi-solid consistency and crystalline in structure. It solidi- 
fied at 12° C. From a definite volume of the petroleum spirit extract, the amount of 


total solids was determined. 
TOTAL SOLIDS, 


Petroleum spirtt residue dried at. 1000 Couirc, cans «dete ae ne cin sls oe ee teenies aa . 1.1 per cent of solids. 
g re ss LIDS Gee. sale shehneebos nee cranes ROPER TO ia kent 1.1 a < és 
0.00 a «loss. 


The residue was identified as a fixed oil. It was soluble in warm absolute alcohol, 
incompletely soluble in weaker alcohol; soluble in cold acetic ether, chloroform, ben- 
zole, amyl alcohol, ether, carbon di-sulphide, and glycerin. It was saponified with 
aqueous soda and a white soap separated. No reaction was observed with picrie acid 
and ammonium phosphate, nor with nitric acid of 1.32 specific gravity and 1.18 spe- 
cifie gravity. The fixed oil was soluble in potassio-mercuric iodide solution ; and 
colored dark-brown by alcoholic ammonia. A mixture of ferric chloride solution and 
powdered rosaniline gave a fine violet-colored reaction with the fixed oil. aa 

- An examination of the aqueous treatment of the petroleum spirit resid : 
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(4), for alkaloids, gave negative results. A portion of the original powder, from each 
of the four parts of the plant, was mixed with an aqueous solution of caustic soda, 
and the distillate examined for volatile alkaloids with negative results. 


SUMMARY I. 
Petroleum Spirit Extracts. 


Solids extracted. | Character of residue meg ret a | Melting point. Solidifying point. 
1. The bark of the root..... 1.24 per cent. fixed oil slightly acid | 60° C. solid at ordinary 
2. ‘ wood See nalts 025015 Tae neutral 36° C. { temperature 
hy apne 2 
re & Me : semi-fluid at 15° C. 
3. green leaf... 2.4% 2.20 | chat ophyll i acid ordinary 
4. <‘* yellow base ofleaf..| 1.10 . “ fixed oil faintly acid temperature 12° C. 


The solids extracted by petroleum spirit from the four parts of the plant are iden- 
tified as fixed oils*; associated with a volatile principle (0.2 per cent) in extract 
(2), and with traces of chlorophyll in extract (3). 

Fixed oil (1) was crystalline in structure. It was soluble in ether, chloroform, 
benzole, carbon di-sulphide, and amyl alcohol ; incompletely soluble in cold or boiling 
alcohol, acetic ether, and ammonium hydrate. It was colored pale green by sulphuric 
acid of 1.634 specific gravity, and changed to a bright-green color by calcium di- 
sulphide, but formed no emulsion with it. Phosphoric acid colored it yellow. The 
- fixed oil was saponified, and a white soap separated. This was decomposed, and the 
fatty acids recovered. Glycerin was separated from the soap filtrate. 

Fixed oil (2) was dissolved with difficulty in boiling 95 per cent. alcohol, ati 
hardened and discolored by absolute alcohol. It was not saponified. Crystalline 
solids were separated by precipitating the alcoholic solution with magnesium acetate. 
They melted at 85° C., and at 60° C., respectively. 

Fixed oil (3) was soluble in alcohol, ether, chloroform, benzole, carbon di-sul- 
phide, oil of turpentine, almond oil, glycerin, and slowly soluble in acetic ether. The 
presence of free fatty acids was demonstrated. The fixed oil was colored dark-green 
by syrupy antimony chloride ; on adding to it sulphuric acid of 1.475 specific gravity, 
and a small quantity of zinc, hydrogen was generated, and the solubility of the oil in 
the acid liquid was accompanied by a rosy tint given to the solution. 

_Fixed oil (4) was crystalline in structure. It was soluble in warm absolute 
alcohol, in cold acetic ether, chloroform, benzole, amyl alcohol, ether, carbon di-sul- 
phide, and glycerin. It was saponified, and a white soap separated. The fixed oil 
4 was colored dark-brown by alcoholic ammonia, and a mixture of ferric chloride solu- 
- tion and powdered rosaniline gave a violet-colored reaction with it. 

#Fixed Oils. Science, Sept. 11, 1885. 
A. P. 8.— VOL. XVI. 2a. 
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These fixed oils differed in their physical characters and chemical reactions. 
This difference may be due to the presence of free fatty acids and glycerides in vary- 
ing proportions in the four parts of the plant. It is of interest to note that in the sub- 
terranean part of the Yucca, the oil extracted from the bark was solid at the ordinary 
temperature ; from the wood it was of a less solid consistency ; while the yellow base 
of the leaf contained an oil quite soft, and in the green leaf the oil was almost fluid. 

Extract (2) contained an oil of low melting point. It melted at 36° C. An 
alcoholic solution was fractionally precipitated with magnesium acetate, and three 
members of the fatty acid series were isolated. The quantities obtained were small, 
and it was impossible to do more than to take the melting point of two of the purified 
crystalline residues. They melted at 85° C., and at 60° C. respectively. It is a well- 
known fact that a mixture of fat acids in certain proportions has a lower melting point 
than those of its constituents. 

Alkaloids and volatile-alkaloids were not detected in the petroleum spirit extracts. 


ETHER EXTRACTS. 
Extract (1), Bark of the Root. 


The residual powder from the petroleum spirit extraction was dried until 
thoroughly freed from petroleum spirit. It was then macerated with Squibbs’ stronger 
ether in the apparatus already described. The ethereal extract was filtered from the 
powder. It was a clear crimson-colored liquid, tinted by some red coloring matter 
dissolved ; and acid in reaction. The extract was slowly evaporated at the ordinary 
temperature ; white needle-shaped crystals were seen as the liquid concentrated. The 
ethereal ee was of a resinous character. It was ruby-colored, transparent, and of 
a softer consistency than ordinary resin. Microscopically, the residue was identified 
as a resin by its color reaction, with Hanstein’s aniline violet solution.* ‘The ethereal 
residue was treated with petroleum spirit to remove any traces of fat that may have 
been extracted with it. It was heated in a small tube, at 50° C. it experienced a 
slight change, and melted at 70° C. For a determination of the total solids, a a defi- 
nite volume of the ethereal extract was evaporated, dried, and weighed. 


ova cs 


TOTAL SOLIDS. 


SDP 


« « « 110 0, fosecscste ee ee eee Dee 


* Botanical Micro-Chemistry. Poulsen-Trelease. Boston, 1884, p. 59. 
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amyl alcohol; readily soluble in ether; not appreciably soluble in chloroform, benzole, 
and carbon di-sulphide. It was dissolved by sulphuric acid to a colorless solution, 
which, on warming, turned to a yellow color, and gradually darkened to a dull brown 
color, fading to a pale yellow. 

An attempt was made to separate the white needle-shaped crystals mentioned 
above. The ethereal residue was agitated with acetic ether. The liquid was filtered 
from the insoluble matter and evaporated. Traces of a resinous substance were sepa- 
rated. The insoluble matter was treated with boiling ether, filtered hot, and the fil- 
trate concentrated. On cooling, the white needle-shaped crystals reappeared. They 
were insoluble in water and in acetic ether. 

A separate portion of the ethereal extract was evaporated, and treated with warm 
distilled water. The aqueous extract was made up to a definite volume, and a known 
quantity evaporated, dried, and weighed. The amount of total solids was almost in- 
appreciable by weight. The aqueous extract was not colored by iron salts, and it did 
not form a precipitate with alum and gelatine solution, lead acetate, potassio-mércuric 
iodide, nor gold chloride solutions ; showing absence of tannin, gallic acid, and alka- 
loids. The ethereal extract was directly tested for these compounds, and with nega- 
tive results. A portion of the aqueous extract was evaporated to dryness, and treated 
with potassa solution, and the residue dissolved -with no coloration. Another por- 


tion of the aqueous extract was agitated with acetic-ether, and the liquids were sepa- 


rated; on evaporating the acetic ether solution, traces of a residue were obtained 

which sulphuric acid acted upon. A resinous substance separated from the green- 

ish-colored acid liquid, the former was partially disintegrated by cold water. 
The specific gravity of the resin was 1.091. 


Extract (2), the Wood of the Root. 


The residual powder from the petroleum spirit extraction was macerated in 
stronger ether. The ethereal extract was of a reddish-yellow color; slightly acid in 
reaction. It was slowly evaporated at the ordinary temperature, and as the liquid con- 
centrated, white needle-shaped crystals appeared, and presented the same physical 
structure as the crystals found in the ether extract (1). 

The ethereal residue was identified as a resin. It was a transparent, ruby-colored 
substance, and acid in reaction. It was heated to 50° C., at that temperature its color 
deepened, and at 70° C. it melted. The specific gravity of the resin was 1.091. A 
definite volume of the ether extract was evaporated, dried, and weighed to determine 


the amount of total solids. 


\ 


\ 
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TOTAL SOLIDS. 


Hihereal: residue dried at: 100OW. < sys aescle vcs s vvicesse wdieiase’s Seb ceite Teterk on tee 1.70 per cent. of solids, 
ce “ awk LOO Oe os an ee eee ae AAG AACA AAT ONE CCUOOES Becher 82. £6 sia 


0.25 us &¢ soss: 


The resin was examined by Hirschsohin’s scheme* with a view to classify it 
with known resins. It was imperfectly soluble in 95 per cent. alcohol and chloroform ; 
soluble in ether. The alcoholic solution gave a turbidity with lead acetate, not cleared 
upon boiling, and with ferric chloride formed a clear mixture. Concentrated sulphuric 
acid dissolved the resin, leaving a dark yellow-brown liquid which faded to a dull yel- 
low color. The sulphuric acid solution when mixed with alcohol, changed to a pale 
gray color. On addition of water to the acid solution, there was no coloration nor 
separation of the resin. Alcohol containing hydrochloric acid gave no color reaction 
with the resin. Bromine solution added to the chloroform-resin extract, and iodine 
solution to the ether-petroleum-resin extract, gave no reactions. Sodium carbonate at 
the ordinary temperature had no effect on the resin, but on boiling the liquid was 
colored yellow. 

By the above examination, this resin was thrown out of the numerous classes of 
described resins. It is proposed to name it yuccal.T 

Yuecal was soluble in boiling absolute alcohol and acetic ether; incompletely 
soluble in benzole, carbon di-sulphide, alcoholic ammonia, and cold acetic ether. The 
red color of the resin was removed by cold acetic ether, a transparent substance 
remaining, soluble in hot acetic cther.{ Yuccal was dissolved by potassio-mercuric 
iodide. It reduced aqueous solutions of gold and platinum chlorides. A blood-red 
color reaction was obtained by warming a small quantity of the resin on a crucible lid 
with a crystal of ammonium molybdate and a few drops of nitric acid. On adding to 
the resin mixture a few drops of strong sulphuric acid, and again warming, it was dis- 
solved. Warm dilute nitric acid dissolved the resin, colorless ; cold nitric acid gave a 
brownish-green color reaction.§ Yuccal was heated on platinum foil, and as it decom- 


*K. Hirschsohn. Watts Chem. Dict. Vol. viii, Pt. ii, p. 1743. | 

+1 suggest that in future all resins be distinguished by the terminal syllable al, for uniformity of resin nomencla. 
ture. Yuccal ; Science, September 11, 1885, p. 210. 

tI have examined the action of acetic ether as a solvent for resins. Cold acetic ether dissolved thee resin, . 
turpentine, styrax, tolu-balsam, mastic, elemi, Canada-balsam, Peru-balsam, copaiba-balsam, Venice-turpentine, and 
incompletely spruce-gum, and yuccal. In hot acetic ether spruce- gum and yuccal were soluble. The following resins” 
were insoluble in hot or cold acetic ether, guiacum, sandarac, shellac, benzoin, olibanum, ammoniac, myrrh, galba- 
num, and asafeetida. ; Ty sean 

§ A reddish- coed miei’ prodses resulted from he action ge nitric acid on as resins which fol- 
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posed the fumes that were given off were pleasant and aromatic. Tests failed to show 
the presence of benzoic or cinnamic acids. 

The ethereal residue was treated with warm water, and on cooling, the liquid was 
agitated with acetic ether, which was separated, and when evaporated yielded a small 
quantity of resinous substance. The ethereal residue insoluble in water was treated 
with boiling ether, and as the liquid concentrated, the white needle-shaped crystals 
were seen floating in it, but on further concentration they could not be seen, and a 
yellow greasy-looking mass settled in the bottom of the beaker. On driving off the 
ether, a transparent and ruby-colored resinous substance remained. The aqueous 
extract obtained in the way described above gave no coloration with iron salts, and no 
precipitate with gelatine and alum solution, potassio-mercuric iodide, or gold chloride 
solutions. Fehling’s solution was not reduced by boiling, though the aqueous ex- 
tract was boiled with acid, then rendered alkaline before adding the copper test. The 
preceding tests gave negative results for gallie acid, tannin, alkaloids, and glucosides. 
A portien of the aqueous extract was acidified and agitated successively with differ- 
ent solvents, for glucosides, bitter principles, and alkaloids which may be removed 
from solution by this means. The acid liquid was then rendered alkaline with am- 
monia, and agitated successively with the same order of solvents that were used with 
the acidified liquid. No solids were separated by these methods. The ethereal residue 


insoluble in water was treated with alcohol; and yielded traces of a resinous sub- 


stance. The residue insoluble in water and alcohol was not dissolved by ether, acids 
or alkalies. 

Yuccal or the ethereal residue soluble in ether and alcohol was saponified, and the 
soap boiled with lead acetate. The yellow masses were collected on a filter and treated 


_ with boiling ether, and the filtrate was slowly evaporated. The residue was a granular 


solid. This substance was imperfectly purified by repeated boiling with ether, and a 
solid of crystalline structure obtained. It gave an acid reaction with litmus, and a red 
color with concentrated sulphuric acid. The acid dissolved a substance enclosing the 
crystals, leaving the structure of the latter uninjured and colored. Strong nitric acid 
dissolved. the crystals with no coloration. They were soluble in absolute alcohol, 
amyl alcohol, benzole, chloroform, glycerin, and a solution of alcoholic. soda; soluble 
in potassium iodide, potassium chromate, mercurous nitrate, cobalt nitrate, potassium 


ferro-and-ferri-cyanide solutions ; insoluble in ammonia and aqueous alkalies. 


the application of heat to the resin acid mixture, or the addition of solvents to the mixture. The more concentrated 
the acid the more rapid was the reaction. The application of heat also hastened the change, especially if a more dilute 
acid was used in the mixture. Some solvents acted like heat by increasing the energy of the reactions. Alcohol! and 
ether were active solvents, and the reaction was attended by the escape of nitrous fumes from the combination of alco- 
hol or ether and nitric acid. Chloroform and benzole were indifferent. Amy] alcoho! acted feebly. 


\ 
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Yuceal was treated with spirit of different strengths, as a means of separating 
resin acids if any were present. It was treated with 85 per cent. spirit; an opaque 
brown substance was left undissolved, which was soluble in absolute alcohol; insolu- 
ble in ether, and colored brown by concentrated sulphuric acid. The color was not 
discharged by alcohol or ether. The 85 per cent. spirit solution was evaporated, and 
the residue treated with 50 per cent. spirit and a small quantity of a brown residue 
was insoluble. The 50 per cent. spirit solution on evaporating left a non-crystalline, 
transparent, reddish-colored solid; acid to litmus. It was colored cherry-red by con- 
centrated sulphuric acid, and slowly dissolved to a yellowish-red liquid. 


Extract (3), the Green Part of the Leaf. 


The residual powder from the petroleum spirit maceration was thoroughly dried, 
and again placed in the percolator. It was treated with Squibbs’ stronger ether. The 
extract was a deep-green colored liquid and fluorescent. The reaction was slightly ~ 
acid. Alcohol, benzole, and petroleum spirit added to the ethereal extract did not 
cause a precipitation. An amorphous and green-colored residue was obtained on 
evaporating the extract. The amount of total solids was estimated from a definite 
volume of the extract, which was evaporated, dried, and weighed. ; 


TOTAL SOLIDS. 


Hthereal mestdue. dried at-1002 Cox. site<cinys « tye nie-c sien a pietdieraate a <'e)s arvisl side's aatuaaelsia'e 1.25 per cent of solids. 
cs es 66 1109 ‘Cars wicisty lineages sis sie get cet esters see ccccccesvees 114) ese 56 aunt 
0:11 «* Joss. 


The ethereal residue was brought into a state of fine division and treated with 
water. The amount of total solids soluble in ether and water was 0.34 per cent. The 
aqueous extract was neutral in reaction. It was faintly colored and slightly bitter to 
the taste. It was not colored by iron salts nor precipitated with alum and gelatine . 
solution, showing absence of gallic acid or tannin. Copper solutions were not reduced, 
indicating absence of glucosides, though the precaution was observed of boiling the 
aqueous extract with acid and rendering alkaline before adding the copper solution. 
The aqueous extract was agitated with acetic ether and a distinctly crystalline resi- 
due separated. Under the microscope these crystals were white, needle-shaped and 
arranged in bundles. They did not respond to tests for gallic acid. Potash solution 
formed a yellow mixture with the crystals. The color was discharged by a drop of 
hydrochloric acid. Chloroform did not dissolve any substance from the ethereal 
residue. The ethereal residue was treated with acidulated water and tested negatively 
for alkaloids. Bie oy | 

The ethereal residue insoluble in water was treated with alcohol. The amount of — 


Be: eae, 
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substances insoluble in water, and soluble in ether and alcohol was 0.15 per cent. The 
alcoholic solution was evaporated, and the residue was crystalline in structure. 
Concentrated sulphuric acid imperfectly dissolved it, and gave a reddish-yellow color 
reaction; acetic ether discolored the solution. The alcoholic residue was insoluble in 
acetic ether, cold. and boiling aqueous alkalies; soluble in chloroform. It saponified 
with alcoholic soda. 

The amount of the ethereal residue insoluble in water and alcohol was 0.65 per cent. 
It was not soluble in alcoholic or aqueous soda. This would indicate a resin anhy- 
dride. Concentrated sulphuric acid gave no color reaction with it; and a mixture of 
sulphuric acid and cane sugar dissolved the residue. 

The ethereal residue on treating with cold ether was not entirely soluble in it. It 
was soluble in chloroform, benzole, and carbon di-sulphide ; incompletely soluble in cold 
alcohol, and insoluble in amyl alcohol. The ethereal residue was treated with 95 per 
cent. alcohol, in which it was slightly soluble. A turbidity formed in the alcoholic so- 
lution on adding lead acetate, ferric chloride, ammonium hydrate, and sulphuric acid; 
it did not clear up on warming. Hydrochloric acid made a muddy mixture with the 
alcoholic solution. The ethereal residue was not entirely soluble in acetic ether; the 
latter separated coloring matter from it. The ethereal residue, insoluble in acetic ether 
. and freed from coloring matter (chlorophyll), was a resinous substance. It melted at 
80° C. The resin was boiled with absolute alcohol, and on throwing the alcoholic so- 
lution into cold water it was precipitated as a white cloud. It was not saponified. 


: Extract (4), Yellow Base of Leaf. 

The residual powder from the petroleum spirit maceration was dried and extracted 
with stronger ether. The ether extract was a turbid yellow liquid; slightly acid in reac- 
tion. On evaporating the ethereal extract at the ordinary temperature a reddish-yellow 
granular solid remained. It melted at 79° C. For the determination of total solids 
extracted, a definite volume of the extract was evaporated, dried, and weighed. 
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The aqueous extract gave a neutral reaction with litmus. Negative results fol- 
lowed examination for tannin, gallice acid, glucosides, alkaloids, and any compounds 
containing nitrogen. 

The ethereal residue (the restdue insoluble in water) was an opaque reddish-yellow 
colored substance, and was identified as a resin. It melted at 79°C. It was insoluble 
in ether, benzole, chloroform, and acetic ether; incompletely soluble in cold absolute 
alcohol, amyl-alcohol, carbon di-sulphide, and oil of turpentine. It was soluble in 
aqueous and alcoholic soda. On boiling with them, it was saponified. Concentrated 
sulphuric acid dissolved the resin and colored it a yellowish-brown. Chloroform 
formed a turbid mixture with the acid solution. The action of strong nitric acid on 
the resin was slow. ‘The resin was incompletely soluble in 95 per cent. aleohol. Lead 
acetate gave a cloudiness with the alcoholic solution which increased on boiling. Ferric 
chloride thickened the alcoholic solution, and on boiling it gave a yellow precipitate — 
which was insoluble in acids, alkalies, absolute alcohol, and acetic ether. The chloro- 
form extract gave no coloration with bromine solution. | 


SUMMARY II. 


Ethereal Extracts. 
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Solids ex- Character of | Reaction with | Melting Specific) Soluble in | soluble in |sojuble only 

tracted. residue. litmus. Point. \gravity| ether and alcohol in ether. 
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The residues from the ether extracts (1) and (2) of the bark and of the wood of the 
root contained resins which were identified as the same compound. ‘They correspond 
in color, melting point, specific gravity, solubilities, and reactions. The resin is a 
transparent, ruby-colored substance, crystalline in structure, and of a softer consist- 
ency than ordinary resin. It was examined by Hirschsohn’s scheme.* It differed 
from all described resins in its reactions with the reagents used to identify them. It 
is proposed to name it yuccal.t 

Yuccal is imperfectly soluble in 95 per cent. alcohol; soluble in boiling absolute 
alcohol, in cold ether, and. amyl alcohol ; not appreciably soluble in chloroform, benzole, 
carbon di-sulphide; and alcoholic ammonia. Cold acetic ether dissolved the coloring 
matter from the resin, leaving a colorless solid. Hot acetic ether dissolved it perfectly. 
Yuccal when heated on platinum foil gave off as it burned a pleasant and aromatic 


* Loc. cit. 
+See foot-note, ether eatract (2). 
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odor. Tests failed to show the presence of benzoic or cinnamic acids. A. blood-red 
color reaction was obtained by warming yuccal with a crystal of ammonium molybdate 
and a few drops of strong nitric acid. Warm dilute nitric acid dissolved the resin, color- 
less; cold nitric acid gave a brownish-green color reaction. Yuccal was mixed with 
concentrated nitric acid and heated. After some time had passed, an energetic reac- 
tion occurred and nitrous fumes were given off. A yellowish-brown residue was one of 
the products of the reaction. This residue was almost insoluble in water, or acids. It 
was soluble in alcohol and potassium hydrate.* 

As the ether extracts (1) and (2) were concentrated, white needle-shaped crystals 
appeared floating in the liquids, whose physical structure, and insolubility in water 
and acetic ether, suggested identical substances. The crystals separated from yuccal 
by: the lead acetate method, already described, have not been sufliciently studied to 
identify them with the white needle-shaped crystals in the ether extracts nor with any 
class of chemical compounds. However, the absence of gallic acid, glucosides, and 
alkaloids in the aqueous extracts from the ethereal residues, would show that the 
crystals separated from yuccal are a constituent part of the resin. 

The experiments with spirit of different strengths are only of value, so far as they 
were carried out, in showing the possibility of separating the resin into distinct parts. 

Tannin was not present in these ethereal extracts. | 

Ethereal extract (83) was green-colored and fluorescent from the chlor ophyil of the 
leaves. On evaporating, the ethereal residue was amorphous and of a green color. 
The aqueous extract obtained from treating this ethereal residue was neutral in reaction 
and bitter to the taste. It contained neither gallic acid, tannin, nor glucosides. It was 
agitated with acetic ether, and the solvent removed a solid, which under the micro- 
scope proved to be white needle-shaped crystals arranged in bundles. Potash solu- 
tion formed a yellow-colored mixture with the crystals, hydrochloric acid discharged 
the color. The subject has been too little studied to state definitely if these crystals 
are or are not identical with the crystals found in the ethereal extracts (1) and (2). But 
it should be noted, that unless the crystals from thereal extract (3) are brought into 
aqueous solution mechanically by some compound not present in ethereal extracts (1), and 
(2), the indications are in favor of the crystals from (3) not being identical with them; 
for the crystals from (1) and (2) were insoluble in water and not removed by acetic 
ether. 


* See foot-note 3, ether extract (2). 


+The amount of material on which these experiments, as well as others described in this paper, were tried, was 
too small in quantity for me to obtain more conclusive results. The facts which have been ascertained will serve as a 
guide in future investigations. 
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The ethereal residue was treated with acidulated water and tested negatively for 
alkaloids. 

The ethereal residue insoluble in water was a mixture of two resins (I) and (II). 
The one (I) was dissolved by absolute alcohol, the other (IT) was mostly soluble in 
ether. The alcoholic residue was crystalline. It was insoluble in acetic ether, but 
was saponified with alcoholic soda. The ether residue was a resin anhydride; it was 
insoluble in alcohol, and in alcoholic or aqueous alkalies. 

The amorphous and green-colored ethereal residue was not entirely redissolved by 
cold ether. It was soluble in chloroform, benzole and carbon di-sulphide ; incompletely 
soluble in cold alcohol, and insoluble in amyl alcohol. It was slightly soluble in 95 per 
cent. alcohol and in acetic ether. The latter separated the green coloring matter from 
it. The resinous mass insoluble in acetic ether melted at 80° C. It was not saponi- 
fied. This resinous mass insoluble in acetic ether is a mixture of the two resins just 
described (I) and (II). It was noticeable that the resinous mass was not saponified. 
Resin (I) was saponified. Resin (II) did not saponify, and as this resin exceeded in 
amount by 0.5 per cent. resin (1), it would show that a certain percentage of resin 
anhydride in a mixture of two resins forbids the saponification of the mixture. 

It was not determined if the crystals dissolved by water and separated by. acetic 
ether were a’ part of resin (I) or resin (II) or an independent compound. 

Ethereal extract (4) was a turbid yellow liquid. On evaporating, a reddish-yellow 
granular solid remained. The extract from the aqueous treatment was tested with 
negative results for tannin, gallic acid, glucosides, and alkaloids. The ethereal residue 
insoluble in water was identified as a resin. It was soluble in ether, benzole, chloro- 
form, and acetic ether; incompletely soluble in cold absolute alcohol, amyl alcohol. 
carbon di-sulphide, and oil of turpentine. It was saponified. A resin was extracted 
by boiling absolute alcohol from the residual powder of the leaves (the yellow base) 
which was identified as the same resin, and the name of pyrophzal* was proposed 
for it. a 

I. Resins (1) and (2) are identical substances (yuccal). 

II. Zthereal residue (3) is a mixture of two pain and a crystalline principle 
soluble in water. 

III. Resin (4) pyrophzeal is identical with a resin found in alcoholic extract ») 


ALCOHOLIC EXTRACTS. 
Extract (1), Bark of the Root. | 


The tobi powder from the ether extraction was dried, ail replanalimatene 
percolator. The maceration was conducted at the boiling: tempers of alcohol. 
P = 


* Pyrophxal. Science, September 11, 1885. 
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Squibb’s stronger alcohol was used. A dark red-colored liquid was extracted. It 
was neutral in reaction with litmus. The alcoholic extract was evaporated in a current 
of carbonic acid. The residue was non-crystalline and of a red color. A definite volume . 
of the alcoholic extract was evaporated, dried until the weight remained constant, and 
the residue incinerated in a weighed platinum dish and the ash estimated. 


i 


TOTAL SOLIDS. 
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The alcoholic residue was treated with distilled water, and a definite volume of 
the extract was evaporated, dried, and weighed. The alcoholic residue insoluble in 
water was treated with water containing ammonia (one part in fifty). This ammoni- 
acal extract was evaporated with excess of acetic acid, and the residue rinsed with a 
little water on a filter, dried, and weighed. The dried aqueous extract insoluble in 
ammonia was then estimated. 


II. 
Epistar edesy AL CET EBICU CNet ide s.0s.5 < vigie.s.c.s,0/s/oustsheiale siololelcs.ajeie dice sie's' « s Prratan iekrarey sieicro steleisieis's 3.22 per cent. 
Ammonia ‘ Gy OE Oe ree 1 eee ee Sha tere re 5.48“ 
Insoluble ‘‘ Reece eet ree he cake cone cone hes abs ca eu oe 0.60. * 
SEM IEOUCG pe estas sietaiets eiicc ieclesicc ms cniec crate ce vince ssc Csle Tacessecaseshesenes 9.25 ee 


The aqueous extract from the alcoholic residue was studied as follows: It was 
not colored by a ferroso-ferric salt nor precipitated by gelatine and alum solutions, 
showing absence of gallic acid and tannin. A portion of the aqueous extract was 
acidified with sulphuric acid and agitated successively with petroleum spirit, benzole, 
chloroform, and amyl alcohol. The acidified liquid was rendered alkaline by ammonia: 
and agitated with the solvents in the same order. Petroleum spirit removed from the 
acidified solution traces of an amorphous residue, soluble in sulphuric acid and caustic 
soda. Benzole and chloroform separated no substances from the solution. As the 
amyl alcohol solution was evaporating white needle-shaped crystals were seen floating 
in the liquid. On drying the residue they were decomposed and melted, leaving a dark- 
colored liquid. Several attempts were made to dry these crystals, without success. 
A few of the crystals were recovered from the solution, and tested for alkaloids; no 
reactions were obtained with the usual reagents for them. 

Glucose was estimated from the aqueous extract. The liquid was heated over a 
water bath with Fehling’s solution, and the precipitated red cu prous oxide. was thrown 
upon a weighed filter, dried, and incinerated. The glucose was estimated gravimetri- 
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cally by calculating the amount of cupric oxide. It yielded 0.619 per cent. A portion 
of the aqueous extract was boiled with acid, neutralized, and heated over a water bath 
with Fehling’s solution to calculate, by difference, saccharose or other reducible com- 
pounds, and by this method 0.18 per cent. was obtained. 

The alcoholic extract was described as being deeply colored. This coloring prin- 
ciple* was completely precipitated by sub-acetate of lead. The lead precipitate was 
collected on a filter, suspended in water, and decomposed by sulphuretted hydrogen, 
filtered, and the filtrate freed from all odor. It was allowed to evaporate slowly 
over sulphuric acid. The residue was a brownish-gray mass, interspersed with 
fine crystals which radiated from a nucleus. The mass was weighed and gave 3.27 
per cent. of solids. Another portion of the alcoholic extract was agitated with water 
and acetic ether. The coloring matter was taken up by the acetic ether, and on 
evaporating a red-colored substance was recovered. It was dried and weighed, yield- 
ing 2.2 per cent. This red-colored residue was perfectly soluble in cold water. This 
solution was tested with the following reagents: It gave with potassium bichromate 
a creamy-colored precipitate ; ferric chloride, a yellowish-green precipitate ; ferrous sul- 
phate a reddish-brown precipitate ; stannous chloride, no precipitate, a yellow cloudy 
liquid; alum, a cloudy solution; neutral acetate of lead, a slight precipitate. ‘The 
red color of the coloring matter was brought out on addition of alkalies. It was 
destroyed by acids. 


Extract (2), Wood of the Root. 


The residual powder from the ether treatment was dried and macerated with 
Squibb’s stronger alcohol. The alcoholic extract was neutral in reaction ; when warm 
it was a clear reddish-golden-colored liquid. On cooling, a creamy-white solid settled 
at the bottom of the flask. This substance was soluble in water, and was identified 
as saponin by the usual tests for it. A definite volume of the alcoholic extract was 
evaporated in a current of carbonic acid, dried, and weighed. The residue was incin- 
erated in a weighed platinum crucible for the ash determination. 


TOTAL SOLIDS. 


Alcoholic residwe' dried.at 1000 CO} i002 aces ox soe te clecveie ae ateletae erate imine ee erate ater aaa 14.3 per cent. 
AS 2 6 D10O CO Fisk ties tan ene ee ene ae eee Sy tare cesta kalo erate eiuien hate ters 14:3 ree 
Ne OL BSD si6 80°F 0/s F loves 4 bin le de oa eee Ae cisle'e SIRE Ci teRtCO eee MIRE TTR CO Snare Ot nero OO as 


The alcoholic residue was treated with cold water in which it was soluble. A 
cloudy solution was formed, and on shaking, it became frothy, and presented the 


appearance of an emulsion. It was allowed to stand for several days to see if the 
resinous matter separated, but the emulsion was permanent, as no separation had 


* A red crystalline coloring matter. Science, September 11, 1885. 
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taken place. The emulsified liquid was agitated with acetic ether, and this solvent 
readily separated most of the resin from the aqueous portion. The water extract was 
then evaporated to dryness and redissolved in water. Gelatine and alum solution did 
not precipitate the extract, showing absence of tannin; no coloration with iron salts, 
absence of gallic acid; negative results followed tests for alkaloids; the aqueous 
extract was boiled with potash and no ammonia fumes were formed; adding gold 
chloride, and potassio-mercuric iodide solutions to the extract gave no precipitate. A 
measured portion of the aqueous extract was acidified with sulphuric acid, and 
agitated successively with petroleum spirit, benzole, and chloroform. The solvents 
were evaporated; petroleum spirit removed 0.01 per cent of a resinous substance, 
imperfectly soluble in cold and boiling aqueous alkalies, dissolved by sulphuric acid 
with a red coloration; chloroform left a brownish residue which, on weighing, yielded 
0.4 per cent. This residue was moistened with a few drops of concentrated sulphuric 
acid, and changed to a red-violet color characteristic of saponin. 

A certain portion of the aqueous extract was rendered alkaline, and heated over a 
water bath with Fehling’s solution. The precipitated copper was collected on a 
weighed filter, dried, and incinerated, and the glucose estimated gravimetrically from 
it. It yielded 1.592 per cent. Another portion of the aqueous extract was acidified, 
boiled, and potash added until the solution was alkaline to litmus paper, then the 
liquid was mixed with Fehling’s solution and heated over a water bath. The per- 
centage of saccharose or other substances which reduced the copper was calculated by 
difference. It amounted to 0.929 per cent. 

The resin separated by acetic ether was an opaque substance, greenish-yellow in 
color, and insoluble in ether. The resin was dissolved in water and frothed on shak- 
ing. The emulsion in this case was not quite so permanent, as a slight resinous sedi- 
ment settled after a time, possibly due to changes in the resin through oxidation. 


Extract (3), the Green Part of the Leaf. 


The dried residual powder was macerated by the aid of heat with Squibb’s 
stronger alcohol. When warm the alcoholic extract was clear, but on cooling the solu- 
tion became cloudy, and a creamy-white fine precipitate settled. The alcoholic extract 
was neutral in reaction. It was evaporated in a current of carbonic acid, dried, and 
weighed. A certain part of the’residue was incinerated and the ash determined. 


TOTAL SOLIDS. 
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The alcoholic residue was treated with cold distilled water. It had a slightly acid 
reaction with litmus. An emulsion was formed on the addition of water to the alco- 
holic residue. A measured quantity of it was evaporated, dried, and weighed. It 
amounted to 3.4 per cent., 0.4 per cent. of the alcoholic residue was insoluble in water. 
Tannin, gallic acid, and alkaloids were tested for and with negative results. 

The liquid from the aqueous treatment of the alcoholic residue was rendered. alka- 
line, and boiled with Fehling’s solution, and there was no reduction. Boettger’s bis- 
muth test was also tried and with negative results. The aqueous portion was boiled 
with acid and examined in the usual way for glucosides ; the results were negative. 

One volume of the aqueous solution was mixed with three volumes of stronger. 
alcohol. It was placed on ice, and after some time a white precipitate formed. The 
precipitate was collected and dissolved in water. It frothed on shaking. On addition 
of a concentrated solution of caustic baryta, a creamy-white precipitate of saponin- 
baryta was obtained. Sulphuric acid gave the usual red-violet color reaction with the 
precipitate from the alcoholic aqueous solution. 

The method of successive agitation of an aqueous extract with solvents already 
described was followed. Petroleum spirit on evaporating left a resinous substance, 
The residue separated by chloroform from an acidified solution was a brownish- 
colored substance. It was soluble in water, and frothed on shaking. It was colored 
red-violet by sulphuric acid, and the aqueous solution was precipitated by barium 
hydrate. Chloroform separated a brownish solid from an alkaline aqueous solution. 
It was precipitated by barium, colored red-violet by sulphuric acid, and its aqueous 
solution frothed on shaking. This brownish residue was identified as saponin. 


Hatract (4), the Yellow Base of the Leaf. 


The residual powder, dried from all traces of ether, was macerated with hot alcohol. 
The alcoholic extract was a currant-colored liquid, and slightly acid in reaction. The 
liquid became clear on standing, and a creamy-white solid, identified as saponin, 
separated from it. The alcoholic extract was evaporated, dried, and weighed, and the 
ash of the residue was estimated. . 
TOTAL SOLIDS. 
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The alcoholic residue was treated with cold distilled water. The solution was 
slightly colored, and faintly acid in reaction. The absence of gallic acid, tannin, and 
alkaloids, was determined by negative results with iron salts, gelatine and. alu | 
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tion, gold chloride, and potassio-mercuric solutions. Acetate of lead caused no pre- 
cipitation. Fehling’s solution detected a trace of glucose. 

An imperfect emulsion formed on adding water to the alcoholic residue. Upon 
standing, the resin settled; the liquid was filtered several times, and the greater part 
of the resin collected. It was an opaque reddish-yellow-colored substance, It had 
the same melting point (79° C.), solubilities, and physical appearance as the resin of 
ether extract (4). The resin was examined by Hirschsohn’s scheme. It differed in 
character from the many resins described by that author, and it is proposed to name 
it pyrophzal.* 

Pyropheal was slightly soluble in ether, and 95 per cent. alcohol; soluble in ben- 
zole, chloroform, and acetic ether; incompletely soluble in cold absolute alcohol, 
amyl alcohol, carbon di-sulphide, and oil of turpentine. It was saponified with aqueous 
and alcoholic soda. The ethereal resin solution was cloudy. The alcoholic resin solu- 
tion gave a precipitate with lead acetate which did not disappear on boiling; ferric 
chloride and aqueous ammonia formed turbid mixtures with it. The chloroform resin 
solution was not affected by bromine solution. ‘he petroleum-ether-resin solution 
turned to a turbid mixture on adding iodine solution. Alcohol containing hydro- 
chloric acid was not colored by the resin. Sulphuric acid and alcohol gave a turbid 
brown mixture with it, and sodium carbonate solution was colored pale brown when 


cold or on warming. 
SUMMARY IIL. 


Aleoholic Extracts. 
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Extract (1). 


My attention was not directed to the presence of saponin in extract (1), for the 
characteristic properties which it imparted to extracts (2), (3), and (4), were absent; 


but, it was evident that saponin was present in the bark, for on boiling the latter in 


distilled water, the presence of the compound was indicated. The solution frothed on 
. 

shaking, and by adding a concentrated solution of caustic baryta, saponin-baryta was 

precipitated.t . | 


* Pyrophieal. Science, September 11, 1885. 
+ Saponin in the bark of Yucca angustifolia. Science, September 11, 1885. 
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A coloring matter* contained in the bark was extracted, and imparted to the 
alcoholic extract a brilliant red color. It was precipitated by sub-acetate of lead, and 
the lead precipitate suspended in water and decomposed by sulphuretted hydrogen. 
The lead sulphide filtrate was evaporated over a water bath until the odor of sul- 
phuretted hydrogen was expelled, and the concentrated liquid was placed over sul- 
phuric acid to evaporate slowly. <A crystalline residue was obtained. On addition of 
alkalies to the colorless lead sulphide filtrate the red color of the original solution was 
developed. Acid discharged the color. Acetic ether took up the red colored sub- 
stance. The acetic ether residue was a red uniform solid, and soluble in water. It 
was precipitated from the aqueous solution by sub-acetate of lead, potassium bichro- 
mate, ferric chloride, ferrous sulphate, and it was clouded by alum, and stannous 
chloride solutions. ; 

Tannin, gallic acid, and alkaloids were absent. 

Amy] alcohol separated from the acidified aqueous extract white needle-shaped 
‘erystals. It was not determined if these crystals were the same as those of the color- 
ing matter. 


Extracts (2), (8), and (A). 


Extracts (2) and (3) when warm were clear, and on cooling a creamy-white solid 
separated. Hxtract (4), if warmed, was turbid, and as the liquid cooled, a creamy-white 
substance remained at the bottom of the flask, and the supernatant fluid became clear. 
This creamy-white substance was identified in each of the extracts as saponin.f 

The results following an aqueous treatment of alcoholic residues (2) and (3), were 
noticeable. The res¢dues were dissolved, and by shaking the mixtures, emulsified. 
This emulsion was permanent, as no resinous matter separated on standing several 
days. The emulsion was agitated with acetic ether, and by this means, most of the resin 
and saponin were separated from the aqueous portion. The saponin was removed 
mechanically with the resin, as it is almost insoluble in acetic ether. ‘The resin-sapo- 
nin mass was insoluble in ether, soluble in water. The solution frothed on shaking 
and emulsified, but the emulsion was not so permanent as in the first case, for a resi-. 
nous sediment settled after a time. Chloroform separated saponin from an acidified 
aqueous solution, and also from an alkaline aqueous solution of the residues; and the ~ 
red-violet saponin reaction with concentrated sulphuric acid was obtained. . 

The solubility in water of the alcoholic residues (2), (3), and (4), and the result- 
ing emulsion were unusual, and explicable by the facts collected from a series of ex- 


* A red crystalline coloring matter. Science, September 11, 1885. 
} Saponin in the wood of the root and leaves. Science, September 11, 1885. 


s 
* 
~ 


YUCCA ANGUSTIFOLIA. 275 


periments with resins and saponin, since I had successfully emulsified resins with 
aqueous and alcoholic saponin solutions.* 

By hot alcoholic treatment the yucca yielded a residue of saponin and resin which 
became emulsified on the addition of water, giving results identical with those of the 
resins above described.+ 

Extract (4) contained a resin. It was an opaque reddish-yellow colored sub- 
stance, and it differed, by its reactions, from the many resin classes given in Hirsch- 
sohn’s scheme. It is proposed to name it pyropheeal.{ A-resin having the same melt- 
ing point, solubilities, physical appearance, and chemical reactions, was discovered in 
the ethereal extract (4). It was identified as the same compound for which the name 
pyropheeal is proposed. 

Tannin, gallic acid, and alkaloids were not detected in extracts (2), (3), and (4). 
In extract (3) glucose was not found. 


The Solids of the Alcoholic Extracts. 

I. A red coloring matter (crystalline). 

II. A new resin (yuccal).§ 
III. A second new resin (pyropheal).§ 
IV. A mixture of a crystalline resin and a resin anhydride. 

V. Saponin.§ 
VI. Glucose, and saccharose or other reducible compounds. 

VII. Ash. 
AQUEOUS EXTRACTS. 
Extract (1), Bark of the Root. 


The residual powder was thoroughly dried from alcohol. It was returned to the 
percolator, and cold distilled water added until a definite amount had been used. 
The aqueous extract was dark colored, and of a faintly acid reaction. A certain quan- 
tity of the extract was evaporated, dried, and weighed. From a known weight of the 
aqueous residue, the ash was calculated. The incineration was conduced in a covered 
porcelain crucible of known weight. 


*The same kinds of resins were used in these experiments as in those with which I determined the solubility of 
resins in acetic ether. See foot-note (2), ethereal extract (2). 

+It was not until a later date following the time of these experiments that I found a reference to saponin-resin 
emulsion in L’Officine ou Répertoire General de Pharmacie Pratique, par Dorvault. Huititme Edition, Paris, 1872, p 
816. Also, refer to examination of the Yucca angustifolia, by H. C. De 8S. Abbott, published in the Medical and 
Surgical Reporter, Philadelphia, September 12, 1885, page 301. 

¢ Pyropheeal, loc. cit. 

§ Science, September 11, 1885, page 210. Abstract of a paper on the chemical study of Yucca angustifolia, by 
H. C. De 8. Abbott. 
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vt Jy OS Seaies apts cree <orde sia ceinla cecrgraiale vita eters diviehai ere alate es aiae a cetek chile cas steele 2.65 # 


Gum. 


One volume of the aqueous extract was mixed with two volumes of Squibb’s 
stronger alcohol. The mixture was kept in a cool place for twenty-four hours, and the 
precipitate which had formed was collected on a weighed filter, washed with 66 per 
cent. alcohol, dried, and weighed. The precipitate and filter were incinerated in a 
weighed porcelain crucible, and the weight of the filter being deducted, the percentage 
of ash was determined. 


Weight. of precipitate by stronger alcohol yielded... << 20.0 a sine sie veces esciss soe sce tee sais 2.0 per cent. 
8 oS BE Nia 8 00 smipcoco non vcno uoCOInOoD _ obbUdonoonososaGouGtivegcoocs| O20 Sees 


Another portion of the aqueous extract was precipitated by stronger alcohol, and 
the precipitate consisted of gum and albuminous substances. It was incompletely 
soluble in water. The soluble matter was gum, it was recovered from solution by 
evaporating the liquid to dryness. The gummy residue was almost completely solu- 
ble in cold water. It was precipitated from a concentrated aqueous solution by 
stronger alcohol ; basic acetate of lead precipitated it as a flocculent precipitate. Borax 
did not thicken the gum solution, and ferric chloride and sodium chloride solutions did 
not precipitate it. The gum was boiled with dilute acid, and heated over a water bath 
with Fehling’s solution which it reduced. A few drops of hydrochloric acid and 
stronger alcohol were mixed with the concentrated gum solution for the separation of 
arabin. It was not separated. 


Carbhydrates. 


The filtrate and wash alcohol from the gum precipitate were mixed, and eyapo- 
rated to a syrupy consistency at a temperature of 70° to 80° C. The concentrated solu- 
tion was treated with four volumes of stronger alcohol, and the resulting precipitate 
of carbhydrates rapidly filtered off. It was soluble in water. It was not precipi- 
tated from aqueous solution by basic acetate of lead, and by this means it was dis- 
tinguished from vegetable mucilage. ‘The carbhydrates were boiled with dilute acid, 
and the solution was rendered alkaline, and heated over a water bath with Fehling’s 
solution. The latter was reduced. The percentage of carbhydrates as estimated, 
amounted to 0.2 per cent. An aqueous carbhydrate solution was mixed with a solu- 
tion of barium in 40 per cent. alcohol. It yielded no precipitate. 


r 
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Carbhydrate Filtrate. 


The carbhydrate filtrate was concentrated at a low temperature in a current of 
carbonic acid until the alcohol was dissipated. The restdue was examined for glucose, 
organic acids, saponin, and tannin. ‘Traces of glucose were detected qualitatively by 
Fehling’s test; the amount of cuprous oxide present was too small to estimate gravi- 
metrically. A part of the carbhydrate filtrate residue was boiled with 83 per cent. 
alcohol, and filtered while hot. On cooling, a precipitate formed. This precipitate was 
identified as saponin. It was almost insoluble in stronger alcohol. Baryta-water pre- 
cipitated it from aqueous solution. Its aqueous solutions frothed on shaking. "When 
agitated with chloroform and on evaporating the chloroform solution, a light-colored 
residue was obtained. A few drops of concentrated sulphuric acid mixed with it gave 
a reddish-violet color reaction. Another portion of the carbhydrate filtrate residue was 
precipitated with neutral acetate of lead and filtered. The precipitate was suspended 
in water, decomposed by sulphuretted hydrogen, and the lead sulphide filtrate evapo- 
rated over a water-bath to expel all odor of sulphuretted hydrogen. The liquid was 
cooled and lime-water added until the reaction was alkaline to litmus. A turbidity 
formed when the lime-water was added to the filtrate, and was not entirely cleared 
on the addition of dilute acetic acid. A neutralized portion of the lead sulphide 
filtrate gave a yellow precipitate with a ferrous salt. Oxalic acid by these tests was 
indicated, and possibly other vegetable acids were present in the filtrate. The carb- 
hydrate filtrate residue was examined for tannin, and with a negative result. Calcium 
oxalate was separated. 


Extract (2), the Wood of the Root. 


The powder used in the alcoholic maceration was thoroughly dried, and replaced 
in the percolator. A measured quantity of cold distilled water was allowed to percolate 
slowly through the powder. ‘The extract was colored, and slightly acid in reaction. A. 
definite volume of the extract was evaporated, dried, and weighed. A known weight 
of the residue was incinerated in a weighed covered porcelain crucible, and the ash 
determined. The ash was white and incompletely soluble in water. 


TOTAL SOLIDS. 


Aqueous residue dried between 100° and 110° C,...... cccccccccccccvcccccccces ah oke 12.10 per cent. 
ON ae OE OO BR oe OO CORT Soreteccisel ea ci picid oiSisieicls lie dle erg'e Sw icis eb1e « dle,s.0'6 ole dine e's wiaie's ye 


Gum. 
A certain quantity of the aqueous extract was mixed with two volumes of stronger 
alcohol (Squibb’s). The mixture was allowed to stand for twenty-four hours, and the 


\\ 
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precipitate which formed was collected on a weighed filter. It was dried, and weighed. 
The precipitate and filter were incinerated in a weighed porcelain covered crucible, and 
the percentage of ash calculated. 


Weight of precipitate by stronger alcohol yielded.............. <6 da rildia plein « nueile © gis sine 1.70 per cent. 
KE os BSD -VICIICU og o:5 anes eects Viel vigte § bi em diwslomeiere Nels eye yee ep oo eimai 0.34,“ 


_ Carbhydrates. 


The filtrate and wash-alcohol from the gum precipitate were concentrated at a low 
temperature, and the residue was mixed with four volumes of stronger alcohol. ‘The 
precipitate was rapidly filtered off, and the percentage of carbhydrates calculated 
gravimetrically in the usual way, from the amount of cupric oxide reduced from Fehling’s 
solution. It yielded 2.75 per cent. 


Carbhydrate Filtrate. 


A portion, representing a certain volume of the aqueous extract, of the carbhydrate 
filtrate was evaporated, dried, and weighed. It yielded 7.65 per cent. of the total solids 
of the aqueous extract residue. A known weight of the carbhydrate filtrate residue was 
dissolved in water and heated over a water-bath with Fehling’s solution, and the 
amount of glucose present estimated gravimetrically from the weight of the cupric 
oxide. It was estimated as 4.47 per cent. Another portion of the carbhydrate filtrate 
residue was boiled with 83 per cent. alcohol. A precipitate formed on cooling, which 
was collected on a weighed filter, dried, and weighed. It yielded 1.98 per cent. The 
83 per cent. alcohol precipitate was identified as saponin by the usual tests. The carb- 
hydrate filtrate residue was precipitated by acetate of lead and the precipitate examined 
qualitatively for organic acids. ‘The Jead precipitate was decomposed by sulphuretted 
hydrogen and filtered, and the filtrate concentrated over a water-bath, and mixed 
with lime-water until turbid. The turbidity did not clear on adding dilute acetic acid. 

The aqueous extract was examined for tannin, and with negative results. Calcium 
oxalate was present. 


Extract (3), the Green Part of the Leaf. 


The residual powder was dried from all traces of alcohol, and cold distilled water 
was allowed to slowly percolate through the powder. The eatract was colored, and 
slightly acid in reaction. A definite volume of the extract was evaporated, dried, and 
weighed, and the ash calculated from incinerating a known weight of the residue. ca ” 

= 
TOTAL SOLIDS. 


Aqueous residue dried between 100° C and 110°. .....cccccccsccccccccescscvnssvcecesccers 4.85 per c 


-cent. 
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Gum. 


One volume of the aqueous extract was mixed with two volumes of stronger 
alcohol. ‘The precipitate was collected after twenty-four hours, washed with 66 per 
cent. alcohol, dried, and weighed. The precipitate and filter were incinerated, and the 
ash estimated. 


Weight of precipitate by stronger alcohol yielded..........scccccccccecccccscscecececees 0.775 per cent. 
w: sg SS LERV AGH COlmtats wie tetclara cieteies o's cltmiatel diaiwin's oin’erele ule sloteinie Sieve’oaie iis cies slays « 5's any 


Carbhydrates. 


The gum filtrate and wash alcohol were concentrated at a low temperature, and 
the residual liquid mixed with four volumes of stronger alcohol. The resulting precipi- 
tate was rapidly filtered and collected. The percentage of carbhydrates was estimated 
gravimetrically from a copper solution in the usual way. It amounted to 0.525 per 


~ 


Carbhydrate Filtrate. 


~The filtrate was evaporated to dryness. A part of the residue was boiled with 83 
per cent. alcohol. On cooling, a precipitate formed. It was identified by the usual tests 
as saponin. Another portion of the restdue was precipitated with basic acetate of lead. 
The lead precipitate was decomposed by sulphuretted hydrogen, the solution fil- 
tered, and the filtrate evaporated over a water bath until all odor of sulphuretted 
hydrogen was dissipated. A part of the lead sulphide filtrate was mixed with lime- 
water, and a precipitate formed not completely dissolved by acetic acid. The remain- 
der of the lead sulphide filtrate was allowed to evaporate over sulphuric acid. The resi- 
due consisted of a mass of fine crystals radiating from a centre.* 

The crystals gave a very acid reaction when placed on moistened blue litmus 
paper. They turned black and left a residue when heated on platinum foil, and the 
residue was slowly dissolved by nitric or hydrochloric acid. The quantity of residue 
was very small, and no effervescence was observed. The melting point of the crystals 
was taken. A small quantity was placed in a tube with thin walls, and gradually 
heated ; at 150° C. the substance sublimed, leaving a white, cloudy stain on the inner 
surface of the tube; at 190° C., this cloudy stain changed to a pale green spot, and 
with increasing temperature to 210° C., no further change was noted. Dry sodium 
carbonate was added to an aqueous solution of the crystals, and a slight effervescence 
was observed. Some iron was separated which possibly was in combination with the 

* The material used in this aiikiats of the green part of the leaf was quite dry and powdered readily. A previous 


examination of the fresh leaves gave more satisfactory quantitative results. A gum was extracted which promises to be 
of interest for a future study, and the crystals separated from the lead sulphide filtrate are to be further investigated. 
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crystalline principle. Negative results followed tests for formates, acetates, malates, 
tartrates, citrates, phosphates, oxalates, alkaloids, and glucosides. 

The amount of glucose present in the aqueous extract was too small to determine 
quantitatively. Negative results for tannin. 


Extract (4), the Yellow Base of the Leaf. 


The residual powder from the alcoholic maceration was dried and replaced in the 
percolator. Cold distilled water was allowed to percolate slowly through the powder. 
The aqueous extract was slightly acid in reaction. A known measure of it was evapo- 
rated, dried, and weighed. 'The ash was determined from a part of the aqueous extract 


residue. 
TOTAL SOLIDS. 


Aqueous residue dried between! 100° and 10S ook oi tss cs croceclesiscececccceviese clever -... 11.35 per cent. 
<4 “E  AABD J divin, olsiele as waivdwGn shine wie sspcaw arate cece sec eceeecesscecensesecs 3.10.4 eS 


Gum. 


One volume of the aqueous extract was mixed with two volumes of stronger 
alcohol. ‘The precipitate was collected, washed with 66 per cent. alcohol, dried, and 
weighed. The ash was calculated from incinerating the precipitate, and deducting the 
filter. 


Weight of precipitate by stronger alcohol ‘yielded. . << .2..0.c cicescelccise teices ses cvlencls cies 3.850 per cent. 
cE es ashi syielded tis,. izes ante aa steics ae a/oternin cine da else slatelainte's wiateteatare mie reo OLCTG7 aeass 


Carbhydrates. 


The filtrate and wash alcohol from the gum precipitate were concentrated at a low 
temperature. The residual liquid was mixed with four volumes of stronger alcohol, when 
a precipitate formed, and was rapidly filtered off. The carbhydrates were dissolved in 
water, boiled with dilute acid, and the liquid rendered alkaline and heated over a water 
bath with Fehling’s solution. The amount of carbhydrates was estimated gravimetric- 
ally in the usual way. It gave 2.95 per cent. 


Carbhydrate Filtrate. 


The filtrate residue was examined for glucose, and traces of it were present. The 
filtrate residue was precipitated with acetate of lead, and the lead precipitate was dis- 
solved in water and decomposed by sulphuretted hydrogen. The lead sulphide fil- 
trate was tested qualitatively for organic acids, and a turbidity formed on adding to the 
filtrate lime-water. It was not completely cleared by acetic acid. ' 

Negative results followed tests with alcoholic methyl-violet solution for mineral 
acids. The aqueous extract contained no tannin. Calcium oxalate was determined in it. 


_— 
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AQUEOUS MACERATION AT A TEMPERATURE OF 50° C. To 60° C. 
The Bark of the Root (1), the Wood of the Root (2). 


The powder (1) used in the cold water extraction was macerated with distilled 
water heated between 50° and 60° C. The warm aqueous extract (1) was cooled and 
mixed with three volumes of stronger alcohol. A precipitate formed, it was dried, 
weighed, and the percentage estimated. It yielded 0.03 per cent.* The precipitate 
was dissolved in warm water. On evaporating the filtrate, a white residue was ob- 
tained. It was stained yellow by iodine. 

The powder (2) from the cold water treatment was macerated in the warm water. 
The warm aqueous extract (2) was a dark colored liquid, indicating a coloring matter. 
A certain measure of the extract was evaporated, and the solids estimated. It 
amounted to 4 per cent. The percentage of solids precipitated from the extract by 
stronger alcohol was 0.25 per cent. 


QUANTITATIVE ESTIMATION OF SAPONIN.T 


The two methods of Christophsohn and Otten for the quantitative estimation of 
saponin were adopted. ‘The wood of the root was examined. 

A.—Ten grams of the original powder were boiled with distilled water. The sapo- 
nin was precipitated by baryta-water. After weighing, it was ignited, and the baryta 
estimated as carbonate, calculated into oxide and deducted from the weight of the 
saponin-baryta, the difference being the weight of saponin. 

B.—The saponin-baryta was decomposed by acid and the weight of the sapogenin 
was ascertained and calculated to saponin. 

Several estimations were made on two specimens of the Yucca, collected at differ- 
ent times of the year. 


IVES aem DMCC tH Cat Manis feiaie sip lalsiaisie/2'r hea ais aiaisistin'e't cie.ne'scinie ajaiciaja S salaidn'e 4103 s0.sla.dinie le sie 0(poye 8.95 per cent. 
= as Ra eee Ls: oy occa viccs cers ve sags recs seen or eee ee 10.40¢ « 


SUMMARY IV. 


Aqueous Hxtracts. 


Solids 


extracted Ash. Gum. Ash. Glucose. Saponin. 
z A, B. 
1, The bark of the root......... A;00' p. ct:| 2.65 p. ct.) 2.00 p. ct.) 0.20 p. ct.) traces |... ccc ees slenveccccess 
2. ‘ wood Ge Shsbacsad 1S) Lacs alert ae 0.34 < 4.47 p. ct.; 8.95 p. ct.| 10.40 p. ct. 
Cmeemeereen leat osccc.catie sec. 4.35 “+ | 0.40 * Osten 0.12 ‘ FTA CCSime Mini ctateiara stave celles 's ontaln aie eco 
4. ‘* yellow base of the leaf..( 11.85 ‘* | 3.10 “ 3.85 < 0.67 “§ | Seande Shera eee athe : 


* Examination for Inulin, page 87, Plant Analysis, G@. Dragendorff. English translation. 

+ Loc. cit., page 68. 

+ Examination of the Yucca angustifolia, by H. C. De 8. Abbott. The Medical and Surgical Reporter, Sept, 
12, 1885, p. 301. 
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The aqueous extracts contained gum, albuminous substances, carbhydrates, glu- 
cose, saponin, organic acids, calcium oxalate, and no tannin, mineral acids, nor alka- 
loids. Arabin was not separated from gum (1). Calcium oxalate was brought into 
aqueous solution possibly by means of the organic acids or saponin. -Needle-shaped 
crystals were found in extract (3). They did not respond to tests for formates, ace- 
tates, malates, citrates, tartrates, phosphates, oxalates, glucosides, and alkaloids. 

Aqueous extracts of 50° C. to 60 °C. from the bark and wood of the root contained 


Inulin. m* 


DILUTE CAUSTIC SODA EXTRACTS. 
Extract (1), the Bark of the Root. 


The residual powder insoluble in- water was suspended whilst moist in a dilute 
soda solution (0.1 to 0.2 per cent). After twenty-four hours the mixture was filtered. 
One volume of the filtrate was acidified with acetic acid and mixed with three volumes 
of 90 per cent. alcohol, and allowed to stand in the cool. The precipitate was collected, 
washed with 75 per cent. alcohol, dried, and weighed, deducting ash. It consisted of 
mucilaginous substances and albuminoids. . 

Weight of precipitate by. 90 per cent: alcohol yielded.si. is. cirri) ipstetise eo itaeneertereieleite eee 0.85 per cent. 

= BSN “VICldEd eis a=, ace ce cwinvie'n wate Nels oreo lolere.c'orei cemeciten ie iarete tei teens 0.25 = 

Lassaigne’s test showed the presence of albuminous substances. 

The filtrate and wash alcohol from the 90 per cent. alcohol precipitate was evapo- 
rated to dryness, and weighed, deducting the amount of soda acetate. It gave 0.24 
per cent. The residue soluble in water was mixed with acetate of copper solution, A 
very small quantity of albuminous substances was precipitated by the reagent. 

The albuminoids of the bark were estimated from the total nitrogen in one gram 
of the original powder. It yielded 4,75 per cent of albuminoids. 

The powder insoluble in dilute soda solution was washed with distilled water. 
The liquid was deeply colored. It was evaporated, and the amount of solids estimated. 
It gave 1.3 per cent. 

Extract (2), the Wood of the Root. 


The powder insoluble in water was treated in the same way as in extract Gl). 
The filtered solution was mixed with 90 per cent. alcohol in the manner described. The 
precipitate was estimated, deducting ash. 

Weight of precipitate by 90 per cent. alcohol yielded......... eink Sauda Sora tea ee 2.170 per eh 

es €¢ ashi yielded ss. ic af. . siclemcstenle aleve tie, fin eiotetatticte(a/~ieisielee a tenant tea aerate 0.256 ans d 

The filtrate from the 90 per cent. alcohol precipitate was treated with water, and 

the soluble matter precipitated by copper acetate. The precipitate was collected, dried, 


ra 
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weighed, and ignited, the resulting oxide of copper being deducted. It yielded 0.104 per 
cent. of albuminoids. A current of washed carbonic acid was. passed through the 
dilute soda extract to determine the presence of globulin (vitellin, myosin), and with 
negative results. The albuminoids were determined from the total nitrogen in the 
powdered wood. It amounted to 4.75 per cent. The total albuminoids in the leaves 
gave 9.62 per cent. 
DILUTE HYDROCHLORIC ACID EXTRACTS. 
Extract (1), the Bark of the Root. 

The powder insoluble in dilute soda was washed with water and suspended in 
water containing | per cent. of hydrochloric acid. The absence of the blue color which 
the starch granules assume when treated with iodine solution was determined by exam- 
ining the bark under the microscope ; and consequently it was not looked for in the 
extract. A qualitative test showed the presence of calcium phosphate, and calcium 
oxalate. A measured quantity of the filtrate was neutralized with ammonia and mixed 
with three volumes of 90 per cent. alcohol. The precipitate was collected on a weighed 
filter, washed with 60 per cent. alcohol, dried, and weighed. It was incinerated, and the 
ash deducted from the precipitate. 


NNO UMA CEy ACLU Oll atelatiimeiaeiestersie tse atoetas ies nei sisi esG lu ebisecceisiestenccescsessss 0-20 percent, 
ce os Oh ROS Tye uy ends eis Oo. 88 SOR oie eo DEPRES GL Si ene Oe 0.98 oy 
Spy EMC SUDINC Citote rete el aeieislone sarah ste nictats isin cieicia ea creole sicie bi re se 4 tie ccde'ce qe eeeleses s 4.22 2 


The filtrate from the 90 per cent. alcohol precipitate was evaporated. The residue 
was composed of ammonium chloride, from the reagents employed, and an organic sub- 
stance haying an odor like gum benzoin. It was agitated with ether and on evapo- 
rating the solvent a white residue with an odor like benzoin was obtained. Sulphuric 
acid gave a red color with it. The amount of this substance was calculated. It 
gaye 0.45 per cent. , 

> Extract (2), the Wood of the Root. 


The insoluble powder from the dilute soda maceration was washed with distilled 
water, and suspended in water containing | per cent. of hydrochloric acid. The same 
means were used as in extract (1) to determine the absence of starch in the wood of the 
‘root. Parabin was also absent. Calcium oxalate was detected by qualitative tests. 
A similar method, as employed for its estimation in extract (1), was used to determine 


it quantitatively. 


The precipitate yielded............ a eiare Wratatat oa elas siete Sage SEU ees emia recs sslds ives 4 1be500: per Cent, 
Ue ee SPM OL ASD siecle oe oes leiarerfiaietcretetsie Vie/s's ole Testes eas 8 Gessiptian te veceeve ee. 0.155 Ld 
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Fatract (3), the Green Part of Leaf. 


The powder used in the dilute soda maceration was washed with distilled water 
and suspended in water containing 1 per cent. of hydrochloric acid. Iron and calcium 
phosphate were detected in the extract. The leaves were examined under the micro- 
scope, and a blue color was developed by an aqueous solution of iodine, indicative of 
starch granules. Starch was also present in the yellow base of the leaves. 


. 


TOTAL QUANTITATIVE RESULTS. 


(l.) The bark of the | (2.) The wood of the |(3.) The green part of\(4.) The yellow base of 
root. root. leaf. leaf. 


—— ee ee eee 


ASM OIGLURE, J. wiee cece ete see ee > 06.78 per cent. 11.67 per cent. 08.11 per cent. 37.00 per ceut. 

ON Total aslivreniditte cen on ain catia oars Aree 17.38 i 15:75 05.75 ce 10.63 ee 

3. Petroleum spirit extract..........<. 01.24 g 00.55 hd 02.20 < 01.10 ts 

A’ Ethereal extract, d..seateaeeeet sce ale eso xe 01.70 ‘ie 01.25 xe 01.70 bd 

5 VAlcoHoliGay “ae ose ecce pee 09.25 as 14,30 ky 03.80 es 04.30 a 

6. Aqueous Se MARS ae einintcinsns ese. 04.03 f 16.10 ae 04.35 My 11.35 ae 

Vt Dilute sOda <8) wesc set eiaec oe tetas coer 01.09 ce 02.41 ht ee) Area NI | EP Ant aA 

8. Wash residue re eS eeereree 01.30 Mg eeereeern eres @eoee|* es Perse eeeeeeseeetisaesene eeeeee eee eee 

9. Dilute acid extract...... Op OntON 05.65 ic 00.30 eS ele RO ein, Cine. «| =:sie epee arse ene +e 

Total Percentageesinacac awuies > 49.88 oe 62.78 i 25.46 per cent. 66.08 per cent. 
Total albuminoids estimated on powder.| 04.75 “ 04.74 a 09.62 oe | ia Pcltia shane sits 
A. ‘ 
Quantitative saponin determination ) |......-..es.se.-e- 08.95 per cent. |.....+. iSeaidia os cae I ere 
on powder by Aand B......... rks we, 
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In my paper on The Chemical Study of Yucca angustifolia, read at Ann Arbor, 
Mich., I stated what methods I had employed to separate saponin, and the properties 
of the compound as observed in that plant. Since which time a further study of it 
has induced me to withhold the notes used at Ann Arbor, from this, and to offer ee 
with those collected later, in a separate and more complete publication. 

Iam indebted to Dr. F. M. Endlich, for his courteous consideration and kind- 
ness in selecting and forwarding the fine specimens of Yucca which were used in these 
analyses, and which were grown in the neighborhood of Lake Valley, New Mexico. 
Within a few weeks I have received, in addition, several hundred pounds of the as 
from Dr. oe 


rece 1885. 


ARTICLE IV. 


SYSTEMATIC CATALOGUE 


OF THE 


SPECIES OF VERTEBRATA FOUND IN THE BEDS OF THE PERMIAN EPOCH IN NORTH AMERICA 
WITH NOTES AND DESCRIPTIONS. 


BY E. D. COPE. 


Read May 7, 1886. 


PISCES. 


SELACHII. 


THoracopus Cope ; Proceeds. Academy Philadelphia, 1883, p. 108. 
1. T. emydinus Cope; 1. c., 109. 

JANASSA Munster. 
2. J. gurleiana Cope ; Proc. Amer. Phil. Soc., 1877, p. 191. Eastern Illinois, 
8. J. strigilina Cope ; Amer. Naturalist, 1881, p. 163; S. lingueformis Cope ; Proc, Amer. Phil. Soc., 1877, p. 53, 

not of older authors. Eastern Illinois. 

4. J. ordiana Cope. Texas. 

ORTHACANTHUS Agass. 
5. O. gracilis Newberry. Eastern Illinois. 
6. O. quadriseriatus Cope; 1. c., p. 192. Eastern Illinois. 

Dipymovvs Cope ; Proc. Acad. Phila., 1888, p. 108 ; Proc. Amer. Phil. Soc., 1884, p. 572. 
7%. D. texensis Cope ; D. ?compressus Newb., Cope, 1. l. c. ce. Texas. 
8. D. platypternus Cope; 1. c. Texas. 


DIPNOI. 


Crenopus Agass. 
9. OC. fossatus Cope ; Proc. Amer. Phil. Soc., 1877, p. 54. Eastern Illinois. 
10. ©. gurleianus Cope; 1. c., p. 55. Eastern Illinois. : 
11. O. periprion Cope; Proc. Amer. Phil. Soc., 1878, p. 527. Texas. 
12. C. porrectus Cope; 1. c. Texas. 
18. C. vabasensis Cope ; Proc. Acad, Phila., 1888, p. 110. Hast Illinois. 
14. OC, dialophus Cope ; Proc. Amer. Phil. Soc., 1878, p. 528. Texas. 
15. CO. pusillus Cope ; Proc. Amer. Phil. Soc., 1877, p. 191. Eastern Illinois. 
Pryonopus Cope ; Proc. Amer. Phil. Soc., 1877, p 192. 
16. P. vinslovit Cope; Proc. Acad. Phila., 1876, p. 410 astern Illinois. 
5 17. P. paucicristatus Cope ; Proc. Amer. Phil. Soc., 1877, p. 54. Eastern Illinois. 
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GnaTHORHIzZA Cope; Proc. Amer. Phil. Soc., 1883, p. 629. 
18. G. serrata Cope; 1.c. Texas. . 
CERATODUS Agass. 
19. C. favosus Cope; Proc. Amer. Phil. Soc., 1884, p. 28. Texas. 


TELEOSTOML.* 


EctostEorHAcHIS Cope; Pal. Bull. No. 32, 1880, p. 19. 
20. H. nitidus Cope; |. c. Texas. 
21. H. ciceronius Cope; Proo. Amer. Phil. Soc., 1883, p. 628. Texas. 


BATRACHIA. 


GANOCEPHALA. 


TRIMERORHACHIS Cope; Proc. Amer. Phil. Soc., 1878, p. 524 ; 1880, ao 54. 
22. TZ. insignis Cope; |. c., p.524. Texas. 
23. TL. bilobatus Cope; 1. c., 1888, p. 629. Texas. 


RHACHITOMI. 


ZATRACHYS Cope ; Proc. Amer. Phil. Soc., 1878, p. 523 et infra. 
24. Z. serratus Cope; 1. c. et infra. Texas, 
25. Z. apicalis Cope ; Amer. Naturalist, 1881, p. 1020, New Mexico. 
Eryors Cope; 1. c., 1877, p. 188. 
26. H. megacephalus Cope; 1. c. Rhachitomus valens Cope ; 1..c., 1878, p. 526. Texas. a 
27. E. erythroliticus Cope ; 1. ¢., 1878, p. 515 (Hpicordylus) ; Trans. Amer. Phil. Soc., 1886, Pl. 1 es ic ‘Texas. i+ 


28. ZH. ferricolus Cope ; 1. c., 1878, p. 521 (Pariozys). Texas. mee 

29. H. reticulatus Cope ; Amer. Naturalist, 1881, p. 1020. New Mexico. aS ; 
AcHELOMA Cope ; Proc. Amer Phil. Soc., 1882, p. 455. hae en: a 

30. A. cumminsi Cope; 1. c., 456. Texas. : » Dies “ey _ ne +o 


_ ANIsODEXIsS Cope ; 1. c., 1882, p. 459. 
31. A. imbricarius Cope; 1. c. Texas. 


See” 


STEGOCEPHALI. +e. are 


DipLocauus Cope ; Proc. Amer. Phil. Soc., 1877, p. 187 ; 1882, p. 451. : 
82. D. salamandrotdes Cope ; 1. ¢., 1877, p. 187. Eastern Illinois. ie 
33. D. magnicornis Cope ; 1. c., 1882, p. 458. Texas. es : 


EMBOLOMERI. : | ee 
Cricorus Cope ; pee Acad. Phila., 1876, p. ee Proc. Amer. Phil. Soc., 1884, S 20. 


miner Illinois. 

35. ©. gibsoni Cope ; Proc. Amer. Phil. Soc., 1877, p. 185. Eastern Illinois. 
36. C. crassidiscus Cope; Proc. Amer. Phil. Soc., 1884, DP 29; @ heteroclitus cope ‘t o 
‘Naturalist, 1884, p. 89. Texas. vss 
37. C. hypantricus Cope ; Proc. Amer. Phil. Soe., , 1884, DP. 30; - Transac. ‘Amer, Phi 

2-6. Texas. aes ; 

; * mere A 
* wha: aes Cope ; Teleostei et Ganoidei par Miller 
2 ‘ a “es oe 
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REPTILIA. 


THEROMORPHA. 


Clepsydropide. 
? Lysornopuus Cope ; Proc. Amer. Phil. Soc., 1877, p. 187. 
88. L. tricarinatus Cope; 1. c. Eastern I]linois. 
ARCHAOBELUS Cope; Proc. Amer. Phil. Soc., 1877, p. 192. 
39. A. vellicatus Cope; 1. c. Eastern Illinois. 
CuepsypRoprs Cope; Proc. Acad. Phila., 1876, p. 404. 
40. C. collettti Cope ; 1. c. p. 407. Eastern Illinois. 
41. @. vinslovit Cope ; Proc. Amer. Phil. Soc., 1877, p. 62. Eastern Illinois. 
42. C. pedunculatus Cope ; |. c., p. 63. Eastern Illinois. 
43. C0. natalis Cope; Proc. Amer. Phil. Soc., 1878, p. 509. Texas. 
44. C. macrospondylus Cope ; 1. c., 1884, p. 35. Texas. 
45. C. leptocephalus Cope ; 1. c., 1884, p. 30. Texas. 
DimetrRopon Cope; Proc. Amer. Phil. Soc., 1878, p. 512; 1. c., 1880, p. 42 et infra. 
46. D. gigas Cope; 1. c., 1878, p. 513; 1. c. 1880, p. 44. Texas. 
47, D. incisiwus Cope; 1. c. Texas. 
48. D. rectiformis Cope ; 1. c., p. 514. Texas. 
49. D. semiradicatus Cope ; Bull. U. S. Geol. Surv. Terrs., 1880 (81). 
Naosaurus Cope ; Amer. Naturalist, 1886, p. 545 et infra. 
50. WV. cruciger Cope ; Dimetrodon cruciger ; Proc. Amer. Phil. Soc., 1880, p. 44; Amer. Naturalist, 1878, p. 830. 
Texas. 
51. WV. claviger Cope; Amer. Naturalist, 1886, p. 545 et infra. Texas. 
52. WV. microdus Cope; 1. c., 1886, p. 545; Hdaphosaurus microdus Cope; Proc. Amer. Phil. Soc., 1884, p. 37. 
Texas. 
THEROPLEURA Cope ; Proc. Amer. Phil. Soc., 1878, p. 519, 1880, p. 40. 
538. ZT. retroversa Cope; 1. c. Texas. 
54. 7. untformis Cope; 1. c., 1878, p. 519 ; 1880, p. 40. Texas. 
55. ZT. triangulata Cope; 1. c., 1878, p. 520. Texas. 
56. TZ. obtusidens Cope ; 1. c., 1880, p. 41. Texas. 
_EMBOLOPHORUS Cope; I. c., 1878, p. 518. 
57. H. fritillus Cope; 1.c. Texas. 
58. Z£. dollovianus * Cope ; Proc. Amer. Phil. Soc., 1884, p. 43, Pl. I, figs. 4-5. Texas. 
Epapxosaurus Cope; Proc. Amer. Phil. Soc., 1882, p. 448. 
59. H. pogonias ; 1. c., 449. Texas. 
Pariotichidex. 


Panrtoticnus Cope; Proc. Amer. Phil. Soc., 1878, p. 508. 
60. P. brachyops Cope slams LeOXas, 
61. P. megalops Cope ; 1. c., 1883, p. 630, Texas. 

- Ecrocynopon Cope; 1. ¢., p. 509. 

62. H. aguti Cope; |. c., 1882, p. 451. Texas. 
63. H. ordinatus Cope; 1. ¢., 1878, p-508. Texas. 
64. Z#. incisinus Cope, infra. Texas. 

PANTYLUS Cope ; Bull. U. S. Geol. Surv. Terr., i881 (80).. 

4 65. P. cordatus Cope; 1.c. Texas. 


*Dedicated to Dr. L. Dollo, the distinguished paleontologist of the Royal Museum of Brussels. - 


probably belong to this species, their anterior crests being perfect. 
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Bolosavride. 


Bouosaurus Cope ; Proc. Amer. Phil. Soc., 1878, p. 506. 
66. B. striatus Cope; 1.c. Texas. 

CuiLonyx Cope ; 1. c., 1883, p. 631. 
67. C. rapidens Cope; 1. c. Texas. 


Incertzx sedis. 


METARMOSAURUS Cope ; Proc. Amer. Phil Soc., 1878, p. 516. 
68. I. fossatus ; 1.c. Texas. 


Diadectidz Cope. 
Pal. Bull. No. 32, 1880, p. 8. 


Dravectes Cope; Proc. Amer. Phil. Soc., 1878, p. 505. 
69. D. sideropelicus Cope; 1.c Texas. 
Empeptias Cope; Proc. Amer. Phil. Soc. ; Hmpedocles Cope; Proc. Amer. Phil. Soc., 1878, p. 516 ; 1880, p. 634. 
10. H. phaseolinus Cope; Pal. Bull. No. 32, 1880, p. 9. Texas. 
71. #. alatus Cope; 1.c. Texas. 
72. H. latibuccatus Cope; 1. c. Texas. 
73. EH. molaris Cope; Pal. Bull. No. 32, 1880, p. 10. Texas. 
74, H. fissus Cope; Proc. Amer. Phil. Soc., 1880, p. 634. Texas. 
HELopEct#Es Cope; Pal. Bull. 11, No. 32, p. 11. 
75. H. paridens Cope: 1. c. Texas, ; 
%6. H. tsaact Cope; |. c., p. 12. Texas. : < 


SYNOPSIS OF THE SPECIES. 


PISCES. Gen. Spectes. 
Selachii, 5 8 
Dipnoi, = a ‘Lier 
Teleostomi, : 1 2 

BATRACHIA. : 

‘ Ganocephala, 1 2 7 
Rhachitomi, oie 4 83 owe 
Stegocephali, q 1 a) > 
Eimbolomert, 1 4 a ge: 

REPTILIA. : ee i 
Theromorph4, ' ; Lone 39 ee “2 


Total, i ; cre 76 | 


The only catalogue of this fauna hitherto published appeared in the AD 
Naturalist for February, 1881, p. 162. In that list fifty-one species were enume 


CTENODUS VABASENSIS Cope ; Proc. Phila. Academy, 1883, p. 110. 3 
Two fine teeth received from Mr. W. F. E. Gurley, fern Danvil 


to be produced forwards” as in C. pore Sele G pees of the paint 
Ppgrete nae yitae 
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the type in the number of its crests, while the second, which is a little larger, has them 
T+ instead of 61. 


ERYOPS PLATYPUS Cope. Ichthycanthus platypus Cope ; Proc. Amer. Phil. Soc., 1877, p. 574. 


A. reéxamination of the type specimen of this species from 
the Coal Measures of Ohio, preserved in the museum of Columbia ae 
College, New York, enables me to refer this species to the Rhach- 
itomi. ‘he neural spines are distinct, showing that it belongs, 
probably, to the Hryopide. As the skull is not preserved I can- 


Cy. 
not determine the genus positively, but refer it for the present to ee Sgr 
. C 
Eryops. I append a figure of the posterior foot, which displays yawen 


the characters of the tarsus of this group for the first time. The I I! 
number of tarsals is as in a Theromorph reptile, except that two fp 7 | 
elements represent the cuboid bone, as in the reptile Stereosternum || 
tumidum Cope; giving five elements in the distal tarsal row. V 
There is but one centrale and no intermedium. ‘T'wo fragments ; 
of caudal vertebre adhere to the specimen (marked cv in the accompanying cut). 
The lettering of the cut is as follows: /, fibula; /, fibulare; 7} tibiale; c, centrale; 
I-V, tarsalia. 


ZATRACHYS SERRATUS Cope; Proceedings of the Amer. Philos. Soc., 1878, p. 523 ; American Naturalist, 1884, p. 36. 


This species has been thus far certainly known froma portion of the maxillary 
bone only. Analogy of general characters led me to associate with it a second species 
under the name of Z. apicalis. This form was clearly rhachitomous, so that in the 
American Naturalist, as above cited, I referred the genus Zatrachys to the family of 
the Eryopide. - 

A skull of the Z serratus having come to hand, I am able to give some of its 
characters. These indicate that the position assigned to it as above is correct, and 

‘that it represents a genus different from any of the others of the family so far as our 
present understanding of the characters goes. 

There are two approximated occipital condyles. There is no distinct basi-occipital 
bone distinguishable, and it is possibly wanting. The palatopterygoid arch is convex 
outwards, keeping near the maxillary bone, and separated from the parasphenoid by a 
wide foramen. ‘The intercalare forms a prominent angle on each side of the cranial 
table. The occipital aspect of the skull displays fontanelles between two ascending 

_ portions of the exoccipitals, one of which bounds the foramen magnum, and the other 
the intercalare. The latter has a superior and inferior posterior angle which are sepa- 


\\ 
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rated by a notch. ‘The posterior part of the quadratojugal arch forms a wide roof or 
ledge overhanging the lower jaw. The teeth are small, acute, and close together. The 
median and anterior ‘teeth are unknown, as the anterior half of the skull is wanting. 
The angle of the lower jaw projects little or not at all beyond the cotylus. The 
condyle of the quadrate is narrow and little distinguishable. Between the intercalare 
and the transverse process of the parasphenoid, is the deep tympanic chamber. It 
is traversed on one side of the specimen by a curved club-shaped bone, with the larger 
end truncate and internal. Its tissue is very spongy. It may be the columella auris, 
but its slender external extremity appears to be continuous with the os intercalare. 
This may, however, be due to the mode of preservation. 

The surface of the skull has a dense reticulated sculpture, which is in places radi- 
ated. It is especially pronounced along the external border of the quadratojugal arch 
where it develops nodules which are arranged in a serrate manner. ‘There is a pro- 
nounced fossa in front of each orbit, which is bounded within by a convex ridge extend- 
ing forwards fromthe orbit. Between these ridges is another deep fossa of the middle 
regions, whose posterior border is in line with the anterior edge of the orbits. The 
cranial wall is here very thin. On each side of the supraoccipital bone a sharp process 
projects backwards and inwards forming a short horn. I do not imagine that the 
value of this character is more than specific. The external face of the mandible is 
sculptured, the sculptured surface presenting an obtuse angle upwards, and leaving 
a narrow smooth face anterior and posterior to the angle. : 


Measurements. Mens , 

Width of skull posteriorly, -138 
«between intercalare bones inclusive, : .062 

4 A occipital processes  ‘“‘ — 019 

a cH orbits, 5 .039 
Disietas Beene eran .017 
transverse, , — 020 

Elevation of occiput from foramen inclusive, -010- 
Width of parasphenoid behind transverse processes, .024 


This cranium presents a curious mixture of defective and excessive ossification. 
Its form is more depressed than any others of the family. I await the discovery of 
its anterior regions with interest. | . 


ECTOCYNODON INCISIVUS, sp. nov. 
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The muzzle is quite prominent, a character somewhat exaggerated in the speci- 
men by pressure. The nostrils are large, lateral in direction, and situated close to the 
end of the muzzle. The orbits are subround, of medium size, and look mainly up- 
wards inthe present condition of the specimen. One of the most important peculiar- 
ities of the species is the disproportionately large size of the first or anterior incisor or 
 premaxillary tooth. The crown is conical and nearly straight, with an acute apex 
slightly posterior to the central point. Its section at the base is slightly angulate. 
The two other premaxillary teeth are much smaller, the third quite minute and with 
a sharp apex. ; 

There are three maxillary teeth separated by rather wide interspaces anterior to 
the large tooth which gives character to the genus. The latter is abruptly large, but 
not equal in dimensions to the large first incisor. Posterior to it the maxillary teeth — 
are closely placed, and with obtuse crowns. They commence very small, and increase 
in size posteriorly. At a point where the palatine or ectopterygoid, as the fact may 
be, joins the maxillary, the tooth-bearing surface is wide, and supports four rows of 
small obtuse-crowned spaced teeth of equal size. This dental patch is triangular, with 
its long angles extending anteriorly and posteriorly. The latter angle terminates a 
little posterior to the middle of the orbit. The teeth have a small axial pulp cavity, 
and the dentine is perfectly simple. 

The head sculpture is well defined, and is reticulated in pattern. 


Measurements. i. 

Length from end of muzzle to posterior border of orbit, 054 
Transverse diameter of orbit, 016 

ec £¢ ‘« interorbital space, -020 
Length from end of muzzle to orbit, .034 
Vertical diameter of nostril, .008 
Vertical depth of maxillary in front, .013 
Length of first premaxillary tooth, 0065 
Transverse diameter of do., .0038 
Distance between first incisor and large maxillary teeth, 013 
Distance from large maxillary tooth to posterior angle dental patch, .024 
Width of dental patch, 0105 
Elevation of a posterior tooth, ' .0015 


This species is intermediate in size between the L. ordinatus, which is small, and 
the EZ. aguti, which is large.’ In its disproportionate inequality in the size of its 
teeth, it differs from the latter; while the former has larger orbits and a different sculp- 
ture, besides having half the linear measurements. The sculpture of the Z. ordinatus 
is in parallel ridges, enclosing minute deep punctiform pits between them. 

- A. P. S.— VOL. XVI. 2K. ee 
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The characters of this species confirm the propriety of my proposition that Pan- 
tylus, Ectocynodon and Pariotichus are members of a single family which differs from 
the Clepsydropidz in the overroofing of the temporal fossa.* 


DIMETRODON SPECIES. 


My last account of this genus was published in the Proceedings of the American 
Philosophical Society, 1880, p. 42. Since that time additional material has enabled 
me to develop more fully the characters of this singular type. 

fibs.—In this genus and in Naosaurus the sacral ribs are present as in Bata. 
They are short, and vertically compressed, forming a wedge-like body. 

Vertebrw.—I have at various times described the extraordinary development of 
the neural spines of the dorsal vertebrae in the genus Dimetrodon, which belongs to 
the Clepsydropide, one of the carnivorous families of the Saurian order Theromorpha. 
The dentition of these animals is of the most formidable character, consisting of com- 
pressed finely serrate teeth on the maxillary and dentary bones mingled with huge 
conic tusks on the middle of the maxillary anterior end of the dentary, and occupying 
the entire alveolar face of the premaxillary. The huge neural spines formed an ele- 
vated fin on the back. In a medium-sized specimen of Dzmetrodon tncisivus, where 
the vertebral body is 35 mm. in length, the elevation is 900 mm. or twenty and a half 
times as great. The apex of the spine in this species is slender, and apparently was 
flexible. Its utility is difficult to imagine. Unless the animal had aquatic habits, 
and swam on its back, the crest or fin must have been in the way of active movements. 
Accordingly the spines are occasionally found distorted by union of surfaces of frac- 
ture. The limbs are not long enough nor the claws acute enough to demonstrate © 
arboreal habits as in the existing genus, Basiliscus, where a similar crest exists. 

Sternum.—A_ singular bone which I can only regard as this element accom- 
panies a fragmentary skeleton of the D. incisivus or D. gigas ; and other examples 
occur with other specimens. 

The anterior two-fifths of the bone is nearly square, and slightly concave above, 
with three angles, one at each side and one anterior; the rest contracts posteriorly 
into a long, narrow, flattened shaft, which constitutes three-fifths of the length. 
This portion is depressed, so that the transverse section is lenticular. The lateral 
edges are acute, and without articular facets of any kind. The distal extremity is 
first grooved, and then fissured, each half terminating in an obtusely narrow apex 
which is applied to the other half. The surface of this part of the element is longi- 
tudinally grooved both above and below. 


tar i Proceedings Amer. Philos. Soc., 1883, p. 631, 
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Clavicles.—The clavicles in the genus Dimetrodon are well developed elements. 
They consist of a vertical narrow and a horizontal expanded portion. The anterior 
border of the bone is rounded ; the internal border is serrate or semidigitate. If the 
latter unites with the episternum by suture it must be by a very open one. This por- 
tion is more expanded than in the monotreme mammalia; while the episternum is 
more produced posteriorly. The type of structure of this part of the scapular arch is 
less mammalian than is that of Empedias above referred to, but is not far removed 
from the latter. 

Posterior foot.—A. posterior foot of a species of Pelycosaurian, from Ne Mexico, 
displays the characters more perfectly than any specimen in my collection. It con- 
firms the inferences I have derived from the posterior foot of Clepsydrops natalis Cope, 
as to the mammalian affiliations of this order of reptiles. Thus it has the same number 
of tarsal bones distributed in the same manner. That is an astragalus and a calca- 
neum in the proximal series; then a navicular distad to the astragalus, which is 
succeeded by three cuneiform bones. Distad to the calecaneum is but a single bone, 
the cuboid. ‘The specimen described differs in some important particulars from that 
of the species above mentioned. Thus the astragalus and uavicular together are as 
long as the calcaneum, while in the C. natalis, the caleaneum and astragalus have 
equal lengths. It is possible that there are but four digits in the posterior foot ; at 
least I can only find one metatarsal in connection with the cuboid. The internal edge 
of the astragalus is broken away, so that the presence of the spur or a homologous 
digit cannot be substantiated. 

As the astragalus of Dimetrodon is closely similar to that of Clepsydrops, the 
species now described does not enter that genus. The rather numerous vertebree 
which accompany it resemble, on the other hand, those of Theropleura, and it may be 
that they belong to a species of that genus. By comparison of the plate, with the cut 
given under the head of Hryops platypus, the difference between that type and this 
may be perceived. 

The lettering of the figure is as follows: As., Astragalus; Ca., Calcaneum; Ou., 
Cuboid; Wa., Navicular; Znc., Entocuneiform ; Msc., Mesocuneiform; Hce., Hcto- 
cuneiform ; 1-1v, Metatarsals. 


NAOSAURUS CLAVIGER Cope. American Naturalist, June, 1886. 


Char. gen.—Naosaurus differs from Dimetrodon only in the presence of transverse 
processes on the neural spines. 

The above named very peculiar species is congeneric with the Saurian described 
under the name of Dimetrodon cruciger Cope. The neural spines are not quite so ele- 
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vated as in the D. incisivus, but they are more robust, and have transverse processes 
or branches which resemble the yard-arms of a ship’s mast. In a full-sized individual, 
the longest cross-arms, which are the lowest in position, have an expanse of two hun- 
dred and sixty millimeters, or ten and a quarter inches, while the spine has about the 
height of five hundred millimeters (19.75 inches), the body being 60 mm. long. The 
animal must have presented an extraordinary appearance. Perhaps the yard-arms 
were connected by membrane with the neural spine or mast, thus serving the animal 
as a sail, with which he navigated the waters of the Permian lakes. 


The three species of Naosaurus differ as follows: 


I. Neural spines distally cylindric. 


Distal transverse processes represented by tuberosities, NN. cruciger. 
II. Neural spines distally dilated and compressed. 

Palatine teeth small, widely spaced, NV. claviger. 

Palatine teeth large, closely packed, NV. microdus. 


The skull.—One of the best preserved skeletons of the JV. claviger includes a skull, 
but the extremity of the muzzle is unfortunately wanting. The median line rises for- 
wards so that the convexity of the top of the muzzle is higher than the posterior parts 
of the skull, whose profile descends rapidly. This throws the orbit far back and gives 
the animal a peculiar appearance. 

The orbit is nearly round, the superciliary border being arched. Anterior to it 
is a large anteorbital fossa bounded by a longitudinal ridge above. Above the ridge 
is a longitudinal groove, which is separated from that of the opposite side by a narrow 
ridge only. The quadrate bone is large and laminiform, and is truncate above, having 
a good deal the shape of the corresponding bone in a fish. The parietal buttress is 
produced downwards and backwards, and is in contact with the superior third of its 
posterior border. Beneath and within it is a narrow opisthotic. The pterygoid is 
large, and is distally vertically compressed. Anteriorly it becomes flattened so as to 
be horizontal, and is studded with small conical teeth rather distantly placed. 

The transverse series of palatine teeth on a massive Z-shaped bone, seen in the 
D. incisivus, is not preserved in this specimen, but the explanation of the structure is 
furnished by a specimen of the Dimetrodon semiradicatus Cope, of which a second 
specimen has been found by Mr. Cummins. Here the palatine bones with their teeth 
are preserved. They are not so massive as in the D.incisivus. Posteriorly they pass 
into the longitudinally flattened part without interruption by suture, so that I suspect 
that this part is to be referred to the palatine rather than to the pterygoid bone. It 
is studded with small teeth, but they are not nearly so numerous as in the 1. cruciger. 


- 
* 
* 
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These specimens show that the species I named Hdaphosaurus microdus* must be 
placed in Naosaurus, where it represents the second species with transverse processes 
on the dorsal neural spines. The teeth of the palatine patch in this species are larger 
and more closely placed than in the D. cruciger. The distinction between the two 
Species in the form of the apices of the neural spines, to which I referred in my descrip- 
tion (1. c.) holds good; but the WV. clawiger has them dilated anteroposteriorly nearly 
as in the D. microdus. 

Vertebre.—A. large series of these is preserved, and they show many interesting 
characters. The intercentra are not distinct in the anterior part of the column, but 
are separated posteriorly and in the sacrum. The centra are compressed and have 
an acute inferior heel. The neural spines are moderately compressed below the first 
transverse processes ; above this point they are anteroposteriorly oval in section. ‘The 
distal half is compressed. They expand to a point below the apex, where the anterior 
edge extends obliquely backwards to the summit. A short corresponding oblique 
edge truncates the posterior superior angle. The medullary cavity of the spine is 
not closed at the apex. On several of the vertebree the lowest transverse process is 
double, but the sides of the same vertebra differ from each other in this respect in some 
instances. 

The two sacral vertebree are not codssified, and the zygapophyses are well de- 
veloped and distinct, as are the intercentra. The latter are flat, and but little 
developed in the upward direction. The neural spines are rather elevated and slen- 
der. They are compressed without cross-processes, and the apex of the spine has 
small tubercles. 

fibs.—The ribs are long and well curved, and are moderately compressed on 
their proximal half, and cylindric for their distal. The head is well distinguished 
from the tubercle as in the manner of a mammal. That is, the tubercular surface 
is sessile on the convexity of the rib, and not pedunculate. In this respect these ribs 
differ from the usual form of two-headed reptilian ribs. The head is so long on the 
anterior dorsal vertebree, as to articulate with the posterior edge of the vertebra in 
front of the one with which its tubercle articulates. It becomes shorter on the pos- 
terior parts of the column, articulating with the edge of the rib which supports the 
tubercle. On the caudal series the head is retracted so as to be close to the tuber- 
cular articulation, which is the most extensive, and which is deeply notched on one of’ 
its faces. This gives the appearance of a three-headed rib in this genus and in Dime- 
trodon. 


* Proc. Amer. Philos. Soc., 1884, p. 37. 


‘A. P. 8.—VOL. XVI. 21. 


\\ 
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Besides the skull, the vertebre and the ribs, I cannot yet positively identify the 
skeleton of this species. 


Measurements. M. 
No.1. (Skull.) 

Depth of muzzle at sixth tooth from last, alice 
Length of skull posterior to same tooth, -232 
Dicinotes Seat {en ee 057 
vertical, .056 
Vertical depth from line of eyebrow to end of quadrate, 200 
' Width of condyles of quadrate, -050 
vertical, -028 
Diameters of crown of sixth tooth | anteroposterior, .014 
transverse, .011 
Thickness of maxillary bone at sixth tooth, 022 


No. 2. (Vertebrex,. probably of No. 1.) 


Diameters of dorsal neural arch, with ophyses iain | ie 
iameters o sal ne arch, with zyga } 
7 eepopy transverse (posterior), 036 
; : anteroposterior, .033 
Diameters of neural spine near base : 
; transverse, 027 


No. 3. (Vertebre.) 


anteroposterior, -039 
Diameters centrum dorsal vertebra | transverse, 084 
vertical, * vs «4, 085: 
Expanse prezygapophyses do., -041 
se diapophyses do., 082 
Elevation of neural spine to first process, 024 
Transverse diameter of process, 025 
; £ anteroposterior, .080 
Diameters heural spine at process ‘ 
4 pleats -028 
Length of the two sacral vertebre, _ 084 , 
Elevation of neural canal of do., 010 — iy 
ss << ~ << spine. of. do., + -084 oF * 
Length of rib on outside of curve, : : : ; £260 ¥' . ’ 
«head of rib, 045 a! ray 
Transverse diameter of rib just beyond tubercle, .- 7a ai dre 


4 a* 
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the distal part of the astragalus has, however, not yet been discovered, and this bone 
may be that missing piece. Some probability attaches to this identification from the 
fact that the corresponding element in Ornithorhynchus (PI. ITI, fig. 8), is burred in 
the same manner at its proximal extremity. The present piece is, however, longer 
than the bone of Ornithorhynchus, and has much more the usual character of a meta- 
tarsal. It is not perforate at the base, and has only the usual medullary cavity. It 
is flat on one side, and convex on the other. It must, however, be regarded as proba- 
ble that from a more or less normal metatarsal, the basal bone of the spur of Ornitho- 
rhynchus has been derived ; the spur proper representing one or more phalanges. 

That the posterior foot of Vertebrata includes six toes is maintained by Baur. 
This is confirmed by the presence of a digit within the hallux in various Batrachia 
Anura. In Rana catesbeiana this digit has three segments, a metatarsal and two 
phalanges, the former resting directly on the astragalus. This digit appears to have 
been present in the Clepsydropide. 


EXPLANATION OF PLATES. 


PLATE II. 


Figs. 1-2. Naosaurus claviger Cope. From the Permian formation of Texas. 

_ Fig. 1. Posterior part of skull, left side; one-half natural size. Restored from skulls of VV. cruciger and Dimetrodon 
incisivous. Pa, Parietal bone; J, jugal; QJ. Quadratojugal ; Opo, Opisthotic ; Sg, Squamosal ; Q, Quadrate ; Pt, Ptery- 
goid. 

Fig. 2. Part of palatopterygoid arch of the same from below ; three-quarters natural size. 

Fig. 3. Waosaurus microdus, part of palatopterygoid arch from below ; three-quarters natural size. 
Figs. 4-5. Hetocynodon incisivus, skull; from the Permian formation of Texas; natural size. 

Fig. 4. From above. 

Fig. 5. From below. 


PLATE III. 


Figs. 1-2. MNaosaurus claviger, dorsal vertebre ; one-half natural size. 
Fig. 1. Front view. 
Fig. 2. Right side. : 
Fig. 3. Naosawrus cruciger, neural arch and spine, from front ; one-half natural size ; centrum in outline. 
Fig. 4. Naosaurus microdus, distal view of distal end of neural spine ; three-fourths natural size. 
Fig. 5. Dimetrodon? sp., sternum, inferior face. 
Fig. 6. Theropleura sp. %, part of posterior foot ; three-fourths natural size. As, Astragalus ; Ca, Calcaneum ; Na, 
_ Navicular ; Qu, Cuboid ; Hee, Ectocuveiform ; M, Mesocuneiform ; Ene, Entocuneiform ; phalanges partly restored. 
Fig. 6a. Calcaneum, anterior view. 
: Fig. 7. Supposed first metatarsal of Pelycosaurian, twice natural size; 7 and 7a, opposite lateral views ; 4, 
proximal end. 
Fig. 8. Ornithorhynchus anatinus, internal digit or spur, from Owen, Anatomy of Vertebrata, ii, fig. 199 ; a, meta- 
‘ tarsal ; b, phalange: c, metatarsal, proximal view. 
- - ‘ 
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ARTICLE V. 
SYNOPSIS OF THE VERTEBRATE FAUNA OF THE PUERCO SERIES. 
Be: E. D. COPE. 


Read before the American Philosophical Society, January 20, 1888. 


The Puerco formation rests on the Laramie in Northwestern New Mexico and 
Southwestern Colorado, and is largely covered by the Wasatch Hocene in both 
regions. It was discovered by the writer in 1874 at its eastern outcrop of about 500 
feet thickness, and was identified by Endlich and Holmes in Colorado in 1876, where 
the thickness reaches 1000 to 1200 feet. On the San Juan river its thickness is 700 
feet, while at its western outcrop south of that river, its thickness is 800 or 900 feet. 
While the formation possesses lithological peculiarities, no clue to its importance in 
geologic chronology was known until the discovery of vertebrate remains was made 
in 1880, by Mr. David Baldwin. With the evidence derived from this material, the 
writer has been able to interject into the series of epochs of geological time a period 
which must have possessed many peculiarities, and which differed in such important 
essentials from those which preceded and from those that followed it, that an immense 
interval between them is proven to have existed, such as had not been previously sus- 
pected. The rich fauna which it contains displays characters which indicate other 
discoveries yet to be made before connections with other epochs both prior and subse- 
quent can be known. | 

The vertebrate fauna includes up to the present date one hundred and six known 
species. Four species of Mollusca have been discovered, which have been determined 
by Dr. C. A. White of the U.S. National Museum. They are Unio rectoides White ; 
Helix adipis White; H. nacimientensis White, and Pupa leidyi Meek. The first. 
named is found in the Wasatch, and the last in the ? Bridger; the two other species 
are peculiar. Besides these the only other indication of organic life at that pe Lis 
petrified wood of undetermined trees, which is quite abundant. en 
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The character of the vertebrate fauna is indicated by the following table: 
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In 1874 the writer advanced the proposition that the ancestors of modern pla- 
cental Mammalia would be found to be “ plantigrade pentadactyle bunodonts.” 'This 
anticipation was partly realized in the fauna of the Wasatch epoch subsequently dis- 
covered, but is completely so in the characters of the Mammalia of the Puerco epoch. 
All the placentals, and probably the implacentals also, were “ plantigrade pentadactyle 
bunodonts.” More than this the placentals nearly all present the primitive type of 
dentition of the maxillary series, since the superior molars are nearly all of the tritu- 
bercular type. But four species out of the eighty-two placentals are quadrituber- 
cular. In the inferior molars the tuberculo-sectorial, or quinquetubercular type of 
dentition, is extensively prevalent, but not so generally so as the superior tritubercu- 
lar. Thus of the eighty-two placentals sixty-four present the primitive type. 

In its relations to other faunz, the Puerco is totally distinct as to species. No 
determined species came to it from an earlier epoch, and none continued after it. Of 
genera not widely distributed in time, one of lizard-like Rhynchocephalia, Champso- 
saurus, comes over from the Laramie, with a genus of tortoises, Compsemys. An- 
other genus of tortoises, Chelydra, probably commences at this epoch, to continue 
through the European Miocenes to the present time, since it still exists in North 
America. Among Mammalia, two genera only continue later. Didymictis is found 
in the Wasatch and Bridger formations, and Chriacus in the Wasatch. Not only 
this, but the entire family of the Periptychide ceased at the close of the Puerco. 
The same is true of. the Amblypod family Pantolambdidxw. One of the most import- 
ant features of the fauna is, however, the presence of eleven species of the ? Marsu- 


> 
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pialia Multituberculata, a suborder which commenced in the Triassic age, and which 
terminated its existence so far as the Northern hemisphere is concerned with the 
end of the Puerco epoch. This series of animals gives a Mesozoic character to the 
fauna, which is not necessarily counterbalanced by the characters of the remaining 
types. The placentals are in all probability those which existed during the latter 
part of Mesozoic time, and the absence of some of the forms of the Hocene increases 
the weight of the impression thus produced. Thus two orders universally present 
in the Hocenes, the Perissodactyla and the Rodentia, are wanting from the Puerco. 

In conclusion it may be safely asserted that in the Puerco fauna we find the 
ancestors of the species of Hocene and of later times. In the Tseniodonta we get 
ancestors of Tillodonta and probably of Rodentia and Edentata. In Creodonta we 
get the ancestors of the Carnivora, in the family of the Miacide. In the Condylar- | 
thra we get the ancestors of the Diplarthra and Amblypoda, and in the Puerco Am- 
blypoda the ancestors of those of the following epochs. Hence the investigation of 
this fauna possesses an especial interest for the mammalogist and for the evolutionist, 
as well as for the geologist proper. 

I give first a list of the species, and then give descriptions of new Bpecies, with 
the osteology of such as the material permits. 

In describing the dentition I have, after consultation with my friend Professor 
W. B. Scott, of Princeton, followed the method of enumeration of premolar teeth 
introduced by Kowalevsky, and adopted by Schlosser. In this method the premolar 
teeth are counted from behind forwards, so that the one usually enumerated as num- 
ber four becomes number one, and vice versa. 

The only catalogue of the Vertebrata of the Puerco which has appeared was 
published in the Proceedings of the American Philosophical Society for 1882, begin- 
ning at page 461. Since that time the following publications relating to that fauna . 
have appeared : 


First Addition to the Fauna of the Puerco Eocene. By E. D. Cope, loc. cit., 1883, Jan., p. 545. 

Second Addition to the Knowledge of the Fauna of the Puerco Epoch, loc. cit., 1883, Dec., p. 309. 

On Some Fossils of the Puerco Formation. Proc. Acad. Nat. Sci. Phila., 1883, p. 168. — 
The Tertiary Vertebrata of the West. Report U. 8. Geol. Surv. Terrs., F. V. Hayden, Vol. Il, Feb:, 1885. 

On Some New Treniodonta of the Puerco. Amer. Naturalist, 1887, p. 469. ms: 
The Marsupial Genus Chirox, loc. cit., 1887, p. 566. ~ oP 


The present enumeration brings together all the species hitherto described, an 
adds a number of new ones. The whole number, it will be observed, ‘reach 
which are referred to thirty-four genera. . 

‘Information at present available indicates that there is some faun 
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between the lower and upper beds of the formation. I give a list of species which 
have been found in the lower part of the formation only, and leave for future research 
to determine whether they occur in the upper part of the formation or not : 


MARSUPIALIA. Neoplagiaulax americanus. 
Polymastodon tadensis. 
ot attenuatus. 
as latimolis. 
CREODONTA. Hemiganus otariidens. 
Onychodectes tisonensis. 
Mioclenus pentacus. 
Me bathygnathus. 
$ crassicuspis. 
sé corypheus. 
4 gaudrianus. 
“s jilholianus. 
e turgidunculus. 
Chriacus priscus. 
“  hyattianus. 
“« puetimetieranus 
Triisodon biculminatus. 
CoNDYLARTHRA. Periptychus brabensis. 
oe coarctatus. 
Eectoconus ditrigonus. 


All but one of the species of Miocleenus belong to the section Sarcothraustes, 
which has five cusps on the inferior true molars. 


REPTILIA. 
CROCODILIA. 
Crocodilus sp. 
* Orocodilus sp. 
Crocodilus sp. 
TESTUDINATA. 
Plastomenus ? communis Cope. 
Chelydra crassa Cope, sp. noy, infra. 
Compsemys sp. 
Eimys sp. 
Trionys sp. 
RHYN CHOCEPHALIA. 


Champsosaurus australis Cope ; Amer. Naturalist, 1881, p. 690; Tertiary Vertebrata, p. 107, P]. XXIII}, figs. 1-4. 

Champsosaurus puercensis Cope ; Proc. Amer. Phil. Soc., 1881, p. 195; Tertiary Vertebrata, p. 107, Pl. XXIII b, 
figs. 5-10. 

Champsosaurus saponensis Cope ; loc. cit., 1881, p. 196, p. 109, Pl. XXIII b, figs. 11-22, 


\ 


\ 
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OPHIDIA. 


Helagras prisciformis Cope ; Proc. Amer. Phil. Soc., 1883, p. 545; Tertiary Vertebrata, 1885, p. 731, Pl. XXIV g, 
fig. 2. Several individuals. 


AVES. 


Fragments of bones of a few undetermined species of birds have been found. 


MAMMALIA. 
? MARSUPIALIA. 


It has been recently discovered that the genus Ornithorhynchus possesses, in an 
early stage, molar teeth exceedingly similar to those of the genus Ptilodus. I sus- 
pect for this reason, that the Multituberculata belong to the Monotremata rather than 
to the Marsupialia. This fact, if demonstrated, will account for the taxonomic isola- 
tion of this group from the known Marsupialia, though some Monotreme has prob- 
ably given origin to the latter. (See Amer. Naturalist, Feb., 1888.) 


Mi ultetubercu lata. 


Ptilodus mediavus Cope; Amer. Naturalist, 1881, p. 922; Tertiary Vertebrata, p. 173, Pl. XXIII d, fig. 1. Five indi- 
viduals. 
Ptilodus trovessartianus Cope; loc. cit., 1882, p. 686; Tertiary Vertebrata, p. 737, Pl. XXV f, fig. 19. Two individuals. 


Additional and much more perfect specimens of the lower jaws of this species confirm its characters as origi- 

nally defined. z 

Neoplagiaulax americanus Cope; Amer. Naturalist, 1885, p. 498. One individual. 

Neoplagiaulax molestus Cope; loc. cit., 1886, p. 451, et infra. Two individuals. 

Chirow plicatus Cope ; Proc. Amer. Phil. Soc., 1883, p. 321; Amer. Naturalist, 1887, p. 566, fig. Two indiviaualn, 

Polymastodon latimolis Cope ; Amer. Naturalist, 1885, p. 385. One individual. 

Polymastodon tadensis Cope ; loc. cit., 1882, p. 684; 1884, p. 688, figs. 3-4; Tertiary Vertebrata, p. 732, Pl. XXIII ( 
figs. 1-6. Teniolabis scalper, Amer. Naturalist, 1882, July; Tertiary Vertebrata, p. 193, Pl. XXIII e, fig. R; 
Catopsalis polluz Cope; Amer. Naturalist, 1882, p. 685; Tertiary Vertebrata, 1885, p. 734, Pl. XXIIT ¢, figs. 1-5. . 
Twenty individuals. 

Polymastodon attenuatus Cope ; Amer. Naturalist, 1885, p. 494. One individual. 

Polymastodon fissidens Cope ; Amer. Naturalist, oe p. 688. Catopsalis fissidens Cope ; Proc. Amer. Phil. Soc., 
1883, p. 322. One individual. 

Polymastodon foliatus Cope: Amer. Naturalist, 1884, p. 688, fig. 5. Oatopsalis foliatus Cope ; loc. cit., 1882, p.. 416 ; 
Tertiary Vertebrata, 1885, p. 171, Pl. XXIII d, fig. 2. One individual. , 


BUNOTHERIA. 


Tzniodonta. 


Psittacotherium aspasie Cope; Proc. Amer. Phil. Soc., 1882, p. 192; Tertiary Vertebrata, p. 196, Pi. 
xe ae Sipe 
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Creodonta. 


Hemiganus vultuosus Cope ; Amer. Naturalist, 1882, p. 831; Tertiary Vertebrata, 1885, P]. XXIII c. Four specimens. 

Hemiganus otartidens Cope; Amer. Naturalist, 1885, p. 492 ; et infra. One specimen. 

Conoryctes comma Cope ; Proc. Amer. Phil. Soc., 1881, p. 486; Tertiary Vertebrata, 1885, p. 198, Pl. XXIII e, figs. 
1-5; XXV ¢, figs. 3-4. Hewodon molestus Cope; Amer. Naturalist, 1884, p. '795, fig. 3. Seven individuals. 

Onychodectes tisonensis Cope, gen. et sp. nov. infra. Three individuals. 

Mioclenus antiquus Cope. Sarcothraustes antiquus Cope; Proc. Amer. Phil. Soc., 1881(2), p. 1985 Tertiary Verte- 
brata, 1885, p. 347, Pl. XXIV d, figs. 19-22. One specimen. 

Mioclenus conidens Cope. Triisodon conidens Cope; Proc. Acad. Phila., 1882, p. 297; Tertiary Vertebrata, 1885, p. 
274, Pl. XXIII d, figs. 9-10. Diacodon conidens ; Amer. Naturalist, 1884, p. 850. Three specimens. 

Mioclenus bathygnathus Cope, sp. nov. infra. One specimen. 

Mioclenus crassicuspis Cope. Conoryctes crassicuspis Cope ; Tertiary Vertebrata, p. 201, 1885, Pl. XXXIII e, fig. 6. 
Three specimens. ' 

Mioclenus corypheus Cope. Sarcothraustes corypheus Cope; Amer. Naturalist, 1885, p. 386. Nine specimens. 

Mioclenus pentacus Cope, sp. nov. infra. Seven individuals, from the Lower Puerco. 


na 


Mioclenus gaudrianus Cope, sp. nov. infra. One specimen. 


Mioclanus lydekkerianus Cope, sp. nov. infra. Three specimens. 

Mioclenus filholianus Cope, sp. nov. infra. Four specimens. 

Mioclenus interruptus Cope. Deltatherium interruptum Cope; Proc. Amer. Phil. Soc., 1882, p. 463; Tertiary Verte- 
brata; 1885, p. 282, Pl. XXIII d, fig. 138. One specimen. 

Mioclenus acolytus Cope. Hyopsodus acolytus Cope; Proc. Amer. Phil. Soc., 1882, p. 462; Tertiary Vertebrata, 
1885, p. 238, Pl. XX XIII d, figs. 5-6. Five specimens. 

Mioclenus assurgens Cope. Triisodon assurgens ; Proc. Amer. Phil. Soc., 1883, p. 311. Two specimens. 

Mioclenus levisanus Cope. Triisodon levisanus Cope; Proc. Amer. Phil. Soc., 1883, p. 446; Tertiary Vertebrata 
1885, p. 273, Pl. XXIV f, fig. 3. Six specimens. 

Mioclenus heilprinianus Cope. Triisodon heilprinianus Cope ; Proc. Amer. Phil. Soc., 1886, p. 193 ; Tertiary Verte- 
brata, 1885, p. 273, Pl. XXIII d, fig. 11. One specimen. 


 Mioclenus rusticus Cope. Triisodon rusticus Cope ; Proc. Amer. Phil. Soc., 1882, p. 360. One specimen. 


Mioclenus subtrigonus Cope ; Proc. Amer. Phil. Soc., 1881, p. 491; 1883, Up 555; Tertiary Vertebrata, 1885, p. 338, 
Pl. LVII f, fig. 5, LIV f, fig. 4. Seventeen specimens. 

Mioclenus cuspidatus Cope; Proc. Amer. Phil. Soc., 1883, p. 312. One specimen. 

Mioclenus protogonicides Cope; Amer. Naturalist, 1882, p. 833; Tertiary Vertebrata, 1885, p. 340, Pl. XXV f, fig. 17. 
Four specimens. 

Mioclenus floverianus Cope, sp. nov. infra. One specimen. 

Mioclenus corrugatus Cope, Proc. Amer. Phil. Soc., 1883, p. 560; Tertiary Vertebrata, 1885, p. 341, Pl. XXIV f, fig. 
5; XXIV g, fig. 8 be CaM: ferox”’). Six specimens. 

Mioclenus ferox Cope ; Proc. Amer. Phil. Soc., 1883, p. 547; hess Vertebrata, 1885, p. 328, Pl. XXIV f, fig. 6 et 
seq. Four specimens. 

Mioclenus opisthacus Cope; Amer. Naturalist, 1882, p. 833; Proc. Amer. Phil. Soc., 1883, p. 312. Hemithleus opis- 
thacus Cope; Tertiary Vertebrata, 1885, p. 407, Pl. XXV f, figs. 8-9. Twelve specimens. 

Mioclanus turgidus Cope; Amer. Naturalist, 1881, p. 489; loc. cit., 1881, p. 880; Tertiary Vertebrata, 1885, p. 325, 
Pl. LVIDf, fig. 3-4; XXVe, figs. 19-20. T'wenty-five specimens. 

Mioclenus zittelianus Cope, sp. nov. infra. One specimen. 

Mioclenus turgidunculus Cope, sp. nov. infra. Three specimens. 

Mioclenus minimus Cope, Proc. Amer. Phil. Soc., 1882, 468; Tertiary Vertebrata, 1885, p. 827, Pl. XXVe, figs. 
22-4. Five specimens. 


 Pricentes bucculentus Cope ; Proc. Amer. Phil. Soc., 1883, p. 316. Méoclenus buceulentus Cope; Proc. Amer. Phil. 


 Soc., 1883, p. 555; Tertiary Vertebrata, 1885, p. 341, Pl. XXIV g, fig. 2. Three specimens. 
A. P, S.— VOL, XVI. 2M. 
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Tricentes crassicollidens Cope; Proc. Amer. Phil. Soc., 1883, p. 315. One specimen. 

Tricentes inequidens Cope ; loc. cit., 1883, p. 317. Two specimens. 

Chriacus truncatus Cope; Proc. Amer. Phil. Soc., 1883, p. 318. Six specimens. 

Chriacus pelwidens Cope; Proc. Amer. Phil. Soc., 1888, p. 314; Tertiary Vertebrata, 1885, p. 740. Lipodectes pelvidens 
Cope; Amer. Naturalist, 1881, p. 1019. Pelycodus pelvidens Cope ; Tertiary Vertebrata, 1885, p. 225, Pl. XXIII d, 
figs. 7-8. Six specimens. ; 

Chriacus simplex Cope; Proc. Amer. Philos. Soc., 18838, p. 314. One specimen. 

Chriacus priscus Cope, sp.nov. infra. Six specimens; Lower Puerco. 

Chriacus schlosserianus Cope, sp. nov. infra. Four specimens ; Upper Puerco. 

Chriacus baldwint Cope. Deltatheriwm baldwini ; Proc. Amer. Phil. Soc., 1882, p. 468; Tertiary Vertebrata, 1885, p. 
282, Pl. XXIII d, fig. 12. Three specimens. 

Chriacus hyattianus Cope; Amer. Naturalist, 1885, p. 385. Lowolophus adapinus Cope ; loc. cit., p. 386. Four speci- 
mens ; Lower Puerco. 

Chriacus ruetimeyeranus Cope, sp. nov. infra. One specimen. : 

Chriacus stenops Cope, sp. nov. infra. Three specimens; Upper Puerco. 

Ohriacus inversus Cope, sp. nov. infra. One specimen. 

Deltatherium fundaminis Cope; Amer. Naturalist, 1880, p. 338; Tertiary Vertebrata, 1885, p. 278, Pl. XXIII e, figs. 
8-11; XXVa, fig. 10; XXVd, fig. 3. Lipodectes penetrans Cope; Amer. Naturalist, 1881, p. 1019. Twenty- 
three specimens. 

Triisodon biculminatus Cope, sp. nov. infra. Two specimens ; Lower Puerco. 

Tritsodon quivirensis Cope ; Amer. Naturalist, 1881, p. 667; Tertiary Vertebrata, 1885, p. 270; Pl. XXYV ¢, fig. 2. One 
specimen. 

Dissacus navajovius Cope; Amer. Naturalist, 1881, p. 1019; Tertiary Vertebrata, West, 1885, p. 344, "TL. Bight i in- 
dividuals. 

Dissacus carnifex Cope ; Amer. Naturalist, 1882, p. 834; Tertiary Vertebrata, 1885, p. 345, Pl. XXIV g figs. 3-4. 
One individual. 

Didymictis haydenianus Cope ; Proc. Amer. Phil. Soc., 1882, p. 464; ere Vertebrata, 1885, p. 306; Pl. XXIII e, 
figs. 12-13. Three specimens. 

Didymictis primus. Cope ; Proc. Amer. Phil. Soc., 1883, p. 309. Three aa ne 


? Lemurovdea. 


Mixodectes pungens Cope; Proc. Amer. Phil. Soc., 1888, p. 447; Tertiary Vertebrata, 1885, p. 241, Pl. Evan i f fig. 1. 
Two specimens. 

Mixodectes crassiusculus Cope; Proc. Amer. Phil. Soc., 1883, p. 447; Tertiary Vertebrata, 1885, p. 242, Pl. XXIV f, 
fig. 2. Three individuals. 

Indrodon malaris Cope; Proc. Amer. Phil. Soc., 1888, p. 318. One specimen. 


CONDYLARTHRA. we 


Haploconus corniculatus Cope, sp. nov. infra. Six specimens. | 
Haploconus lineatus Cope ; Amer. Naturalist, 1882, p. 417; s Terilary Vertebrata, 1885, p. 411, Pl. eo fig. 1-4. 
Twenty-four specimens. 


Naturalist, 1881, p. 831. Two specimens. 
Haploconus xiphodon Cope; Proc. Amer. Phil. Soc., 1882, p. 466; Tertiary Vertebrata, 1885, P. 
5-6. Two specimens. 
Haploconus entoconus Cope ; Amer. Naturalist, 1882, p. 686 ; Tertiary Vertebrata, a p. 421, 
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Anisonchus mandibularis Cope. Mioclenus mandibularis Cope; Amer. Naturalist, 1881, p. 831; Tertiary Vertebrata, 
1885, p. 839, Pl. LVII f, fig. 7. Two specimens. . 

Anisonchus sectorius Cope; Proc. Amer. Phil. Soc., 1881, p. 488; Tertiary Vertebrata, 1885, p. 418, Pl. XXV c, 
figs. 5-6 and 8. Mioclenus sectorius Cope ; Amer. Naturalist, 1881, p. 831. Thirteen individuals. 

Anisonchus coniferus Cope ; Amer. Naturalist, 1882, p. 883; 1884, p. 803, fig. 12 c; Tertiary Vertebrata, 1885, p. 409. 
Four specimens. 

Anisonchus gillianus Cope ; Proc. Amer. Phil. Soc., 1882, p. 467; Tertiary Vertebrata, 1885, p. 411, Pl. XXV f, figs. 
10-11. Haploconus gillianus Cope ; Amer. Naturalist, 1882, p. 686. Hight individuals. 

Anisonchus agapetillus Cope ; Proc. Amer. Phil. Soc., 1883, p. 320. Six specimens. 

Zetodon gracilis Cope ; Tertiary Vertebrata, Pl. X XIX d, explanation, and fig. 9. Two individuals. 

Hemithleus apiculatus Cope. Anisonchus apiculatus Cope; Tertiary Vertebrata, Pl. XXV e, fig. 7. Hight indi- 
viduals. 

Hemithleus kowalevskianus Cope ; Amer. Naturalist, 1882, p. 833; Tertiary Vertebrata, 1885, p. 405, Pl. XXV f, figs. 
6-7. Sixteen specimens. 

Periptychus brabensis Cope, sp. nov. infra. Fourteen individuals ; the Lower Puerco. 

Periptychus coarctatus Cope ; Tertiary Vertebrata, Pl. XXIX d, explanation and figs. 7-8. Five individuals; from the 
Lower Puerco. 

Periptychus carinidens Cope ; Amer. Naturalist, 1881, p. 837; Proc. Amer. Phil. Soc., 1881, p. 484; Tertiary Verte- 
brata, 1885, p. 408, Pl. XXV a, fig. 16; XXIII d, figs. 14-15 ; XXIV g, fig. 5. Five specimens. 

Periptychus rhabdodon Cope; Tertiary Vertebrata, 1885, p. 391, Pl. XXIII f, XXIII g, figs. 1-11; LVII, figs. 1-2 ; 
Amer. Naturalist, 1884, p. 801, figs. 1-2 and 6-9. Catathleus rhabdodon Cope; Amer. Naturalist, 1881, p. 830; 
Proc. Amer. Phil. Soc., 1881, p. 487. One hundred and thirty-eight individuals ; from the Upper Puerco. 

Hetoconus ditrigonus Cope ; Amer. Naturalist, 1884, p. 796, figs. 4-5. Periptychus ditrigonus Cope; Tertiary Verte- 
brata, 1885, p. 404, Pl. XXIII g, fig. 12; XXIX d, figs. 2-6. Thirty-two individuals ; from the Lower Puerco. 

Protogonia zuniensis Cope. Phenacodus zuniensis Cope ; Proc. Amer. Phil. Soc., 1881, p. 492; Tertiary Vertebrata, 
1885, 491, Pl. LVII f, fig. 10. Three individuals. 

Protogonia calceolata Cope. Phenacodus calceolatus ; Proc. Amer. Phil. Soc., 1883, p. 559 ; Tertiary Vertebrata, 1885, 
p. 487. One individual. 

Protogonia plicifera Cope ; Amer. Naturalist, 1882, p. 883; Tertiary Vertebrata, 1885, p. 424, Pl. XXV f, figs. 2-3. 
Hight individuals. 

Protogonia puercensis Cope. Phenacodus puercensis Cope ; Proc. Amer. Phil. Soc., 1881, p. 492; Tertiary Vertebrata, 
1885, p. 488, Pl. XXV e, figs. 12-18; LVII f, figs. 8-9. Protogonia subquadrata Cope; Proc. Amer. Phil. Soe. 
1881, p. 492 ; Tertiary Vertebrata, 1885, p. 426, Pl. LVII f, figs. 11-12. Twenty-five individuals. 


AMBLYPODA. 


Pantolambda bathmodon Cope ; Amer. Naturalist, 1882, p. 418 ; Proc. Amer. Phil. Soc., 1883, p. 558 ; Tertiary Verte- 
brata, 1885, p. 601, Pl. XXIX b, XXIXc. Seven individuals. 
Pantolambda cavirictus Cope ; Tertiary Mammalia, Pl. XXIX d, explanation and fig. 1. Four individuals. 


DESCRIPTIONS OF SPECIES. 
TESTUDINATA. 
CHELYDRA Schw. 


Char. gen.—Marginal bones of the bridge united with the costals by simple 
gomphosis, and with the plastron by compound gomphosis. Bridge of plastron nar- 
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row, with an intermarginal series of scuta, and without fontanelle. Surfaces not 
sculptured. 


CHELYDRA CRASSA sp. nov. Dermatemys sp. Cope; Proc. Amer. Phil. Soc., 1882, p. 461. 

This species is represented in my collection by fragments of two individuals. 
Of the typical specimen there are preserved, two vertebral, nine marginal, and three 
plastral bones; of the second, three vertebral bones. The specimens indicate 
an animal of the average size of the existing snapping turtle, Chelydra serpentina. 

The bones of both carapace and plastron are relatively much thicker than the 
corresponding parts of the snapping tortoise, equaling in this respect the largest 
existing species of Emys. The bridge of the plastron is not so slender as in C. ser- 
pentina. The vertebral bones have a median keel-like angle, which becomes at the 
anterior part of each vertebral scutum a prominent rib. This results from the abrupt 
depression of the surface on each side immediately posterior to the transverse dermal 
suture. In the larger specimen this suture is deeply notched anteriorly, and its 
anterior border is so prominent posteriorly as to give an imbricate appearance, the 
anterior vertebral scute rolling over the posterior by an obtuse border. The marginals 
of the bridge are very massive, and the pit for the process of the costal is at one side 
of the middle, and is nearly round. It is flat in the C. serpentina. The pits for the 
plastral fingers are three, on the inner inferior edge of each marginal, and are directed 
obliquely. The external face of the marginals is distinguished by a rabbet, the in- 
ferior margin of which projects as a ridge beyond the external face. Inferior face 
convex. No other except the fine mutual sutures on the marginals of the bridge. 
The free marginals, of which I have two, and one of them the anal, have no gomphosis 
nor suture with the costals or pygal, being held in place by the integuments and by 
the mutual marginal sutures. The dermal scuta are well marked, the marginals having 
their bounding suture below that of the marginal bones. Surface of the shell every- 
where smooth. | 


Measurements. 
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Measuremenis. 
No, 2. Inch. 
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This is the oldest species which can be referred to this genus. 


? MARSUPIALIA. 


All of the Puerco implacentals belong to the suborder Multituberculata, and to 
three families, which are defined as follows :* 


ERGOT OMCS DLOsoni COMLPLessed ANG tYENCHANE IN fOLM sc > cave selec en bcicacnssejaciececie! cuvvecesecceces Plagiaulacide. 
Premolars present, molariform, different from true molars in form. ...........002. ccceesceceeeecsceeccecs Chirogide. 
Premolars wanting or rudimental............... AO OOO DGGE Clon TBCOGGC.OD aCUU OD RC ICUE GER eTee Polymastodontida. 


To the first belong, in the Puerco fauna, Ptilodus and Neoplagiaulax ; to the 
second, Chirox; and to the third, Polymastodon. 


NEOPLAGIAULAX Lemoine. 


Bulletin of the Geological Society of France, 1881, November. 


I have referred the American species of Plagiaulacidze with but one, the first 


inferior premolar, to the above genus. Those with two premolars I have referred to 
Ptilodus (October, 1881). 


NEOPLAGIAULAX MOLESTUS Cope ; Amer. Naturalist, 1886, p. 451. 
i} 


This species was established on a separate first inferior premolar. I now 
describe a mandibular ramus which probably belongs to it. It has suffered the loss 
of the crown of the molar, and the greater part of that of the premolar teeth. The 
latter has its base oblique in both the vertical and horizontal directions ; its posterior 
base rounded. ‘True molars small, and on the inner side of the coronoid process. 
Incisor one, rodent-like. Angular inflection of the mandible well developed, but the 
posterior border has been broken away. Its form is robust, especially at the external 
base of the large premolar tooth, where a longitudinal swelling rises posteriorly, and 
disappears in the base of the coronoid process. Below and posterior to this protuber- 
ance the masseter fossa extends, having an oblique boundary below in the externo- 
superior face of the external inflection of the base of the ramus. The internal inflec- 
tion commences more posteriorly, and projects inwards at a right angle to the vertical 
plane. Anterior to these inflections the inferior outline of the ramus is gently con- 
vex downwards in conformity to the are required by the alveolus of the large 


* Amer. Naturalist, 1884, p. 687 ; 1887, p. 567. 
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inferior incisor. The latter issues from the jaw at a considerable distance in advance 
of the first premolar, leaving a wide diastema, which has a rather wide and obtuse 
superior surface. The alveoli of the true molar are within the base of the coronoid 
process, and indicate a tooth of much smaller size than the premolar. The symphysis 
is short, and is indicated almost exclusively by rugosities of the inferior and anterior 
border of the extremity of the ramus. The articulation has been a loose one by. 


ligament. 
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The tooth from which the species was originally characterized has the following 
characters: Length of base one-third greater than in Weoplagiaulax americanus, and 
there are fifteen keel-crests on the side of the crown, while there are but seven in the 
LV. americanus. The outline of the crown is elongate and moderately convex, and 
less elevated than in the known species of Ptilodus. The irregularity in the outline 
of the base of the crown is less than in the other species, and the diameter of the 
roots is subequal. The anterior base of the crown is not excavated for the second 
premolar as in Ptilodus. Length of base of crown, i6 mm.; elevation at mid- 
dle, 8 mm. 

In size this species is about equal to the Polymastodon foliatus. 


CREODONTA. 


Important additions to the knowledge of this suborder have been made recently 
by Professor W. B. Scott* and Dr. Max Schlosser.t’ The former has determined the 
presence of the subcylindric postzygapophyses in Didymictis, and I have ascertained 
their existence in Esthonyx and Dissacus. Scott shows that in Hyzenodon the char- 
acters of the carpus and of the brain coincide with those of this group. He also 
finds an os centrale in that genus and in Mesonyx, and. Osborn has found it in 
Hsthonyx. | 


In the following pages considerable additions to the general osteology of Hemi- 


* On Some New and Little-known Creodonta ; Jour. Acad. Phil., 1886, p. 155. 
+ Die Affen, Lemuren, Chiropteren, Insectivoren, Marsupialia, Creodonten und Carnivoren des Europiis 
tiirs ; Wien, 1887. Alfred Hélder. 
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ganus, Onychodectes, Miocleenus, Chriacus and Dissacus are made, and they throw 
considerable light on the phylogeny of the various genera. It is apparent on all 
grounds that Miocleenus is the central type of Creodonta for the Puerco Epoch, and 
that all other types of the suborder may be traced to it as derivative, either by pro- 
gressive or retrogressive specialization. Thus the line which our present knowledge 
ends with Hemiganus, is one of simplification and reduction of the molar dentition at 
the expense of increase in the development of the canine dentition, as takes place in 
the line of the seals. In the line of the Mesonychide another kind of simplification of 
the molar dentition of the inferior series appears, and the feet undergo specializa- 
tion, apparently in accordance with the needs of a terrestrial life. A third line 
leading towards the Oxyzenidse commences with the genus Chriacus, which is easily 
modified into Stypolophus on the one hand and Deltatherium on the other, the latter 
having some special characters of its own, and forming probably the end of its line. 
The line which gives us Miacide, and in Miocene times the Carnivora, probably 
diverged from a Mioclenus, but from a species of an earlier horizon than the Puerco, 
since two species of Didymictis are already contemporaries with the Mioclenus of 
that age. These relations may be displayed as follows : 


Carnwora Oauyunida 


ne ue 


Didymictis Deltatherium Stypolophus 


ae ate Pia 


Miacis Chriacus 
‘ Miocleenus 
Triisodon Onychodectes 
Dissacus ; Conoryctes 
ee ~ 
Pachysena Hemiganus 
Mesonyx . 1 


In the reference of these genera to families, lack of information as to certain 
parts of the structure forbids final conclusions. Leaving aside the Miacidx and 
Oxyznide, we find that the Proviverride (Schlosser, Leptictidw, Div. Il, Cope) em- 
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braces Deltatherium, Mioclenus, and probably Triisodon and Onychodectes, of the 
Puerco genera. Dissacus is on the boundaries of the Mesonychide, but the ungues 
are unknown, and the astragalus is not trochlear. That Hemiganus can be referred 
to the Proviverridse is improbable. The characters of a family Hemiganide would be: 
Superior molars with confluent roots, and tritubercular crowns ; inferior molars quadri- 
tubercular; astragalus not trochlear ; ungues much compressed. ‘The sole character 
separating this family from the Proviverride is the confluence of the roots of the 
superior true molars. It is approached in this respect by the genus Conoryctes, 
which will, however, remain in the Proviverridz as an aberrant form, connected with 
Mioclenus by Onychodectes. The tendency of this group is to resemble the Teeni- 
odonta, but whether there is any affinity involved in this resemblance does not yet 
appear. ; 

The line of the Mesonychidz shows definite changes in the following respects : 
First, loss of the internal cusps of the inferior molars. The diminution of these 
cusps is seen most prominently at first in the genus Triisodon, and more distinctly in 
the later 7. quivirensis than in the earlier Z. biculminatus. It has progressed far in 
Dissacus. Secord, in the reduction of the number of the digits; the hallux has 
become very small in Dissacus and is gone in Mesonyx. Third, in the production of 
a distinct facet for the cuboid bone on the extremity of the astragalus. ‘The contact 
of the astragalus and cuboid is seen in many if not all Creodonta, but the navic- 
ular and cuboid surfaces are not distinguished from each other. In Mesonyx and 
Pachyena it is well known that they form distinct facets separated by an angle, as in 
Perissodactyla. This structure appears in a primitive condition in Dissacus, the 
angle being obtuse and rounded. It is an excellent illustration of the origin of a 
zoological character. The thoroughly diplarthrous type of the astragalus in Mesonyx 
is associated with an ungulate form of ungual phalanges, and I suspect that the 
resemblance is not accidental. The form of the distal end of the diplarthrous astra- 
galus is probably due to impacts combined with energetic flexion and extension. 
But why the structure should appear in Mesonyx and not in Phenacodus is, as yet, 
an unanswered question. 

Although it is now evident that the Pinniped Carnivora cannot be derived from 
the genus Mesonyx, as is truly maintained by Scott, it appears to me that they have 
been derived, like other Carnivora, from some form of Creodonta. The retrograde 
development of the molar teeth probably passed through stages like those of Dissacus 
and Hemiganus, and the ungual phalanges might have been easily derived from such 
as are possessed by Pachyzena. | 
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HEMIGANUS Cope. 
Amer. Naturalist, 1882, p. 831; Tertiary Vertebrata, 1885, Pl. XXIII ¢, figs. 7-12; Amer. Naturalist, 1885, p. 492. 


The claws are large and compressed like those of a prehensile-footed carnivore. 
The astragalo-tibial articulation is nearly flat. The femur is very robust, and has a 
low third trochanter, as in Bunotheria generally. The vertebrze of the neck are short 
and wide. The jaws have a very large and wide coronoid process, as in Calamodon, 
and the horizontal rami are very robust. Only one true molar (the first) is preserved, 
and it has the crown worn. Its outline is subround, with a notch on the internal side. 
There are probably but two true molars; they have two roots. There are at least four 
premolariform teeth, and their crowns are short, obtuse cones, with a low heel-like 
expansion at the inner side of the posterior base, and have but a single root. They 
resemble very nearly the teeth of some of the eared seals. There is a robust canine 
tooth in the upper jaw, which is not separated from the premolars by a diastema. 
There is at least one superior incisor, but the exact number is unknown. There is a 
large tooth on each side of the symphysis of the lower jaw, but in the specimens it 
is not in place. It has enamel on the anterior face only, and its apex is worn trans- 
versely. ‘The wear descending passes to one side of the middle line. It evidently 
has a median position, and may be therefore an incisor. Its form reminds one of that 
_ of the second inferior incisor of Calamodon, but the enamel-face is much shorter. 

Should the large inferior teeth be canines, the mandibular dentition will greatly 
resemble that of the seals, as does that of the maxillary bone. The absence of post- 
orbital angles resembles the condition in the Phocidz. The wide vertical coronoid 
process and the flat vertical angle are as in Calamodon. The sagittal crest is ele- 
vated, and the brain-case very small. 

This genus resembles in several respects the T’seniodonta, and confirms the pro- 
priety of the union of that group with the Creodonta into the order Bunotheria. 

The typical species, H. vultwosus, was an animal of probably the size of a grizzly 
bear. A second and considerably smaller species is described below. 


HEMIGANUS OTARIIDENS Cope ; Amer. Naturalist, 1885, p. 492. Hujus operis, Plates IV and V. 

Only one individual of this species has been found, but it is represented by many 
parts of the skeleton. . It was a plantigrade beast of about the size of a black bear, 
of robust proportions, and with a wide head with an exceedingly short thick muzzle, 
armed with some formidable teeth in front. These, with its sharp claws, made it the 
most formidable animal yet known of the Puerco fauna, excepting its larger and 
more powerful congener, the HH. vultuosus. 

The nares are well roofed by the nasal bones, which border the pr emaxillaries 

A. P. S.—VOL. XVI. 2N. 


512 SYNOPSIS OF THE VERTEBRATE FAUNA OF THE PUERCO SERIES. 


above to the line of the front of the second superior incisor, by a wide sutural sur- 
face. The superior process of the premaxillary bone is short, not extending posterior to 
the vertical line of the posterior face of the superior canine tooth. A small foramen, 
perhaps the infraorbital, issues above the second tooth posterior to the canine. Ex- 
terior to the third tooth that follows the canine, the external face of the maxillary 
bone spreads outwards as though forming the malar process, and that this is the case 
is rendered probable by its smooth superior surface, which is the inferior orbital bor- 
der. Just anterior to the orbital border, a large foramen from the maxillary antrum 
perforates the maxillary bone. The two teeth in the maxillary bone are injured, but 
the anterior has a conical crown and a single root, while the crown and base of the 
second are widened a little transversely. I can find no superior true molars in the 
collection. 

The mandibular rami are remarkable for the shortness of the dentary portion, and 
the elevation and width of the coronoid process. ‘The condyle is elevated above the 
alveolar border of the lower jaw, when the inferior border of the ramus is horizontal. 
The ramus increases in depth anteriorly, as in Tzeniodonta, to accommodate the large 
anterior teeth. ‘The inferior border is straight and compressed, and the posterior 
border is gently concave to a short rectangular angle, which does not extend poste- 
riorly to the line of the base of the condyle. It is therefore much less prominent 
than in Creodonta generally, resembling in this respect the Tzeniodonta. There are 
four alveoli for single-rooted molars, and apparently another one in front of the ante- 
rior one of the four. This would give seven molars, the first true molar having the 
form of a premolar; but the distribution of the teeth is not quite certain. As already 
described, the heel of these premolariform teeth is partly internal. The first true 
molar may be one of these simple teeth. The second has two roots, and the crown 
is about as wideas long. The crown consists of an anterior portion, which is slightly 
elevated above a posterior heel. The superior face of the crown is worn by mastica- 
tion so that its construction is not evident, but there is no trace of a division between 
fourth and fifth tubercles, so that I suspect that the latter did not exist. It is not ; 
probable that there were well-marked cusps on the heel. . 

The parietal region of the skull is very much compressed, and the sides slope 
regularly upwards to the elevated sagittal crest. The temporal ridge is an oblique 
angular line of the surface, and the frontal region is flat. No other parts of the skull 


are preserved. 
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Only cervical vertebra are preserved. These have small anteroposterior diame- 
ter, and their transverse exceeds their vertical diameter. In general they resemble 
those of Periptychus. The atlas is peculiar in the small anteroposterior diameter of 
the paradiapapohysis, whose base is perforated by an anteroposterior canal. _ It sends 
upwards a vertical keel to opposite the middle of the facet for the axis. The axis has 

_a cylindric and rather slender odontoid process whose superior extremity is obliquely 

beveled on a curve. Its articular surface is continuous with the large atlantal facets 
laterally and inferiorly. The longitudinal axis of the cervical centra is oblique to the 
horizontal, showing that the head was elevated above the body. The floor of the 
neural canal is pierced by a foramen of considerable size on each side. A posterior 
(? seventh) cervical has a greater anteroposterior diameter than the two which pre- 
cede it, and the vertical diameter is relatively greater. ‘The posterior articular face 
of all three is slightly concave. 


Measurements of Vertebrea. M. 
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The anterior limb is represented by parts of both ulne, part of one radius, and 
a metacarpal of the pollex. More than half of one ulna is preserved. ‘The olecranon 
appears to be short and terminating in an acute apex at the basal border; but it may 
have been broken off. The humeral cotylus is oblique, extending backwards and out- 
wards, and inwards and forwards. he posterior border. is elevated into a ridge, 
which is convex forwards. The anterior marginal ridge is limited to the external 
part, and it extends outwards, downwards, and then backwards, overhanging the 
internal face of the ulna. The radial facet is flat, and slopes gently, and not steeply 
inwards, it is. bordered on the outer side by a low ridge, external to which is a longi- 
tudinal groove. Both do not extend far distad, and the superior edge of the shaft of 
the ulna is narrow and convex. The inferior edge is similar except below the humeral 
cotylus, where it is transversely flattened, the inferior face turning upwards on the 
inner side posteriorly. The internal side of the shaft of the ulna is concave, and the 
external side is convex. The head of the radius is a transverse oval, with subequal 
broadly rounded extremities. The superior border is openly shallowly excavated, 
while the inferior is obliquely beveled for the ulnar face. A short tuberosity projects 
longitudinally from the middle of the ulnar facet. A metacarpal, supposed to be that 
of the pollex, is quite short and robust and has a proximal excavation of the internal 
side for the trapezium. This concave facet extends half its length. The distal end 
is a subround convex facet which presents outwards. It has neither median keel nor 
groove. It indicates a robust digit. 


Measurements of Anterior Limb. M. ‘ 
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The femur lacks the distal extremity so that it is not possible to determine its 
exact length. Its proximal portion is robust, and about as large as that of a fully 
grown pig. That the animal is not fully grown is shown by the fact that the epi- 
physis of the head is not united, although it is preserved. The projection of the 
great trochanter is about equal to that of the head, and is robust, and truneate both 


———. 
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proximally and externally, and incloses a considerable trochanteric fossa. The head 
has a large fossa for the round ligament which is near the neck, from which it is sep- 
arated by a low border. ‘The little trochanter is quite prominent, and is reverted, but 
it is not connected with the great trochanter by a ridge. The third trochanter is 
well developed, and has a wide external surface, whose anterior edge is recurved for- 
wards. Its upper portion overlaps the line of the inferior edge of the little trochanter, 
being higher up than in Pachyena, The middle of the shaft is somewhat depressed, 
and its margins are rounded. 

The proximal part of the left tibia, and the distal part of the right, give the char- 
acters of that element. The proximal part is laterally crushed. It is evident, how- 
ever, that the crest is large and obtuse at the apex, and that the spines are low ridges. 
The externo-posterior border forms a roughened ridge for 35 mm. below the internal 
femoral surface, and ceases rather abruptly below. At or near the middle the 
shaft is normally somewhat compressed, and slender. The malleolus is. very promi- 
nent, and terminates in an apex in its interna] plane. The astragalar surface is but 
little oblique; the fibular articular surface is large. 

One of the metatarsals shows that the foot was short, since it is neither the first 
nor the fifth. Its proximal face is concave in the transverse direction, but nearly 
straight anteroposteriorly. The arc of the phalangeal face is less than half a circle, 
and is slightly concave in transverse section. It is divided medially at its inferior 
fourth by a short, narrow, and low trochlear keel. Inferior border of phalangeal face 
prominent and openly emarginate. An ungual phalange is preserved, but whether 
of the anterior or posterior foot I do not know. Its apex is lost. It is strongly 
compressed, and has a narrowly rounded superior border. The phalangeal 
cotylus is deeply excayated, and is rather narrow, and has a weak median 
keel. The superior process overhangs the phalangeal surface rather further than the 
inferior. The tuberosity for the flexor tendon is a longitudinal oval, with surface 
transversely convex, which gradually ascends to the narrow but flat inferior surface 
of what remains of the phalange. The large nutritive foramen enters above its 
middle. 


Measurements of Posterior Limb. M. 
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Measurements of Posterior Limb. M. 
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Diameters distal end of tibia 
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Diameters of distal end 
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CONORYCTES Cope. 


Proc. Amer. Phil. Soc., 1881, p. 486; Tertiary Vertebrata, 1885, p. 198. ‘_Heaodon Cope; Amer. Naturalist, 1884, 
p. 794. 


Additional material representing the type species of this genus enables me to 
give the characters more fully than hitherto. The C. comma experienced an early 
obliteration of the details of the structure of the crowns of the molar teeth through 
the thinness of the enamel layer and the mastication of hard substances, so that they 
are seen in but few specimens. . 

The superior true molars, and the first premolar, have two external conical cusps, 
and an internal triangular table, whose inner angle is produced downwards to a line 
with the apices of the internal cusps. The inferior premolars and the first premolar 
have the anterior part much elevated above the posterior. The former consists of a 
large external and a small internal cusp joined to near their summits, except on the 
first premolar which has but one anterior cusp, which is simple acute cone. <A rudi- 
mental fifth cusp is present on the true molars. 

The mastication in this genus is affected by a scooping action of the keels of the 
inferior molars against the internal table of the superior molars by a motion which is 
partly transverse, as in Onychodectes. aeee 

There are probably four inferior premolars in this genus, but the anterior two 
have but one root each, and are close together. My supposition that some specimens 
had but three premolars led me to propose the genus Hexodon, which is now aban- 
doned. 3 

The position of the genus is doubtful, owing to the absence of the ungual pha- 
langes. It is probably Creodont rather than Condylarthrous, for two reasons; one is — 
the close resemblance of the dentition to those of Onychodectes and Hemiganus, 
between which it takes a natural position. The other is, that it displays no resem- 
blance to any of the Condylarthra in the details of its structure. Brit 

But one species is known to me. 


= 
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ConoryotEs comma Cope ; loc. cit., Heaodon molestus Cope ; loc. cit., fig. 3. 


This animal was about the size of a wolverine, of which species one is reminded 
by its robust characters. It had an elevated sagittal crest and a strong inion. In a 
series of teeth which are but little worn the following characters may be discerned. 
The crown of the inferior canine has a flat inner face, beyond which the anterior sur- 
face extends inwards, forming a rib-like border. The enamel on the internal and pos- 
terior faces extends but a short way from the apex, and is thin, while on the convex 
anteroexternal face, it extends below the usual position. It thus approaches the condi- 
tion seen in Hemiganus. A similar state of affairs is seen in the molars, where the 
enamel is extended much further on the external face of the inferior and the internal 
face of the superior molars than is usual, approaching the genera mentioned and also 
the ‘Tveniodonta in this respect. There are no cingula on any of the molars of either 
series excepting on the external side of the superiors ; and there it sends out a process 
or cusp between the two external cusps. ‘The crowns of the inferior molars are notched 
at the junction of the anterior and posterior parts. The notch is the section of a 
vertical groove from the base of the crown on the external side, and of a very short 
superficial one of the internal side. The fifth cusp is median, and about opposite the 
rim of the heel in elevation. The grooves of the first premolar are similar to those 
of the true molars. There is no anterior basal cusp. The heel is large and has a 
raised border on the posterior and inner sides, and an external median lateral conic 
cusp. This when worn joins the curved crest, forming a comma-shaped figure. 

A specimen represented by fragments includes a canine characteristic of the 
genus, but of such relatively smaller size, that I suppose the animal to be a female. 

Seven individuals have come under my observation. 


ONYCHODECTES Cope, gen. nov. 


Superior molars tritubercular, the éxternal cusps distinct; the internal with the 
intermediate confounded in a prismatic form with flat grinding surface, and whose 
internal angle rises claw-like to an elevation equal to that of the external cusps, and 
without cingula or appendicular cusps. First premolar with but one external and 
one internal cusps. Inferior molars seven, the true molars with five cusps, the ante- 
rior triangle distinct. Last inferior molar with a heel; canine large. 

Caudal vertebree robust. Ilium rather slender, flat-triangular in section, and 
with a small anterior-inferior spine. Scapula with coracoid hook, and abruptly rising 
spine. Astragalus with unequal trochlear ridges, the internal the lower. Internal 
face oblique, but less so than in the species of Mioclenus where it is known, and not 
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produced farther posteriorly than the external face, which is vertical. Head depressed, 
convex, and without angles. Cuboid with a small external distal facet. 

This genus is intermediate in character of teeth between Conoryctes and Mio- 
clenus. ‘The molars are those of the former as to the internal portion of the crown. 
The external cusps are more those of Mioclzenus, and there is but one external cusp 
of the first premolar, while there are two in Conoryctes. It is in the remarkable 
table-like form of the interior part of the crown and the hoof-like production of the 
internal angle, that Onychodectes differs from Mioclenus. 

But one species is known to me. 


ONYCHODECTES TISONENSIS sp. Nov. 


Two individuals certainly represent this species in my collection, both of which 
include superior molars, while a third, which includes two mandibular rami, belongs to 
it. Of the former the typical and most important specimen includes the following 
parts. Both maxillary bones with the posterior five molars; the left mandibular 
ramus with all the alveoli, and the second true molar in place; the glenoid extremity 
of the scapula; the left ilium; the right astragalus and cuboid. 

It is characteristic of the superior molars that the external cusps have a lenticular 
section, and not a triangular or a round one as in the species of Mioclenus and Chri- 
acus. The external cusp of the first premolar is large and elevated, and has the same 
fore and aft lenticular section with obtuse cutting edges. The internal table of the 
crown is of parabolic outline and its edges are right angles. The sides ascend per- 
pendicularly to the alveolar border without the least trace of cingulum or other irreg- 
ularity. The crown has a weak external cingulum, which does not support any 
cusps. The posterior of the external cusps of the third molar is well developed, and 
nearly in longitudinal line with the anterior. 

The anterior triangle of the second inferior molar has a broadly rounded external 
apex, and it is a little elevated above the heel: The latter has two internal marginal 
cusps, but its summit is so worn that the form of the surface cannot be further deter- 
mined. No cingula. The manner of mastication is such as to wear the crown 
obliquely from within outwards in conformity with the form of the inner table of the 
superior molars. The anterior triangle fits, as usual, between two adjacent superior 
molars, and the claw-shaped internal border of the superior molar worked, scoop-like 
across the heel, the inferior molar moving from without inwards. ‘The motion was the 
same as in Conoryctes. In neither genera do I possess the glenoid surface for the 
mandibular condyle, but it is highly probable from the evident lateral movement of 
the lower jaw that neither genus possessed a pegiengy crest as is found in Mioclenus. 


Pre 
* 
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The mandibular ramus is slender and moderately stout, especially so at the ante- 
rior base of the coronoid process. It follows that the anterior border of the masseteric 
fossa is well marked, but there is no distinct inferior border. The angle is prominent, 
straight, and compressed ; apex lost. The dental foramen is below the middle of. the 
base of the coronoid; and in line with the alveolar border. The symphyseal surface 
is smooth. The fourth premolar is close to the canine, and to the third, and has one 
root. Premolars all closely contiguous. From the appearance of the alveoli the last 
inferior molar is of reduced size. Enamel everywhere smooth. 


Measurements ; from one individual. M. 
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The specimens are all from the lowest beds of the Puerco. 


MIOCLENUS Cope. 


Proc. Amer. Phil. Soc., 1881, p. 489; 18838, p.,547 ; Tertiary Vertebrata, 1885, p. 324. 
An examination of my material of species allied to the types of this genus results 


in the following conclusions : 
The fifth or anterior inner cusp of the inferior molars in this genus, displays 


various conditions of development down to absence. In the species which I formerly 
A. P. 8. VOL. XVI. 20. 
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referred to Sarcothraustes it is well developed, although small and conic in shape, 
and occupies an elevated position on the inner side of the front of the crown, close to 
the fourth cusp. In the M.-interruptus, it is less distinctly developed, and is wanting 
from the last molar in some of the specimens. In M. acolytus the fifth cusp adheres 
closely to the fourth, and is in some specimens wanting. In the M. subtrigonus the 
fifth cusp is indifferently absent, or present in small development on the second and 
third molars. In nearly all the species of the genus as here constituted the fifth cusp 
is present on the first inferior true molar; but in the M. turgidus and species most 
nearly related, it is absent. The species of the latter type differ from the forms allied 
to M. corypheus and M. ferox in their robust premolars, but the M. opisthacus fur- 
nishes a passage between:the two. It does not seem practicable to divide the genus, 
as I once proposed,* on the presence or absence of an interior cusp of the third supe- 
rior premolar. While this cusp is present in the MZ turgidus, it is wanting} in the 
nearly allied MZ. zittelianus, and the M. opisthacus. 

In the species referred to the second section of the genus (Goniacodon, type MV. 
levisanus), the fifth cusp is quite distinct, but is median in position and near the base 
of the crown (except in M. heilprinianus), forming an anterior angle in the outline of 
the crown. These species I have referred sometimes to Triisodon and sometimes to 
Diacodon, but I think I have now found their proper position. 

With six new species now added, the total of those embraced in the genus is — 
twenty-four. 

Parts of the skeleton of M. antiquus, M. corypheus, M. levisanus, M. flovervanus, 
M. corrugatus and M. ferox are preserved, and do not present any but specific differ- 
ences. I must here correct an error into which I fell in describing the M. ferow (‘Ter- 
tiary Vertebrata, p. 331) in calling the fibula the radius (Plate XXIV f, fig. 11). The 
distal part of this element is very robust in that species. 


I. Inferior true molars with anterior triangle of three cusps (Sarcothraustes). 
Length of inferior premolars, .069 ; depth of ramus at p. m. iv, .055; superior true molar ii, .022 by .016, ML. antiquus. 
Inferior true molars, .052; premolars, .043 ; infer. m. iii, .015; depth of ramus at m.i, .052; length sup. true molars, 


O40. 0 oisisieelsiss die siete a:e.o10's uin,otdip, sols elein'alacelore ote nahage, lathes iste leyes arn aie rains fatele tavatoce cteie ater eeetia ite tana MM. conidens. 
Inferior true molars, .087; premolars, .047; depth ramus at p. m. iv, .041..........eeccecreecseeces M. bathygnathus. — 
Last inferior true molar, .012 ; depth of ramus at m. ii, .086............00- ile Osieie Wig, 3-o on oetaleled vs eieoone M. crassicuspis. 
Inferior molars, .087; m. iii, .012; premolars, .037; sup. molars, .080; depth ramus at m. iii, .027...... MM. covyphaus. 
Inferior molars, .030, wide ; premolars, .030, close together, the first subconic; ramus at m. i, .020..... . MU. pentacus. 
Superior molars, .0203 depth ramus at inferior m. ii) 02s ss oe oes sve wile sine neienteielteiaeiate aan M. gaudrianus. 
Inferior true molars, .019 ; premolars, .018, the anterior spaced, the first anteroposteriorly short ; depth ramus at m. i, 

01235 i oy evs teats Rea mane ees errr eccosona svileawa wares o1aa FARES aaa te - vena M. interruptus. 
Inferior true molars, .018 with anterior elevated ledge and basin-like heel ; depth at m. i, .014........ M. lydekkerianus. 


* Proc. Amer. Phil. Soc., 1883, p. 312. + Genus Oxyclenus Cope, Le; ; ae) 4. 
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Inferior molars, .017; the first small, the last large, .0065 ; depth of ramus at m. i, .012,......... eee LM, filholianus. 
Inferior molars, .011; fifth lobe small, heel with one cusp ; depth ramus at m. ii, .007........ Pelsieisitis ee ele Mt, CCOUsIUS, 


II. Inferior true molars with anterior inner tubercle submedian and depressed ( Gontacodon). 


Inferior true molar i or ii, .011; fifth cusp elevated, inner edge of heel crenate ........ Socnig SaDagae MW. heilprinianus. 
Inferior true molars, .0115 ; anterior paired cusps much elevated ; last molar elongata. OO dies setse. (ce .ss M. assurgens. 
Inferior true molars, .022 ; last inferior and superior molars reduced, the inferior, .007....... epiettaleieln able MM, levisanus. 


Inferior true molars, .040 ; last molar large, estimated, .012 ; ramus deep ; fifth cusp low, heel not crenate inside 
M. rusticus. 
III. Inferior true molars (except first) without anterior inner fifth tubercle (Mioclenus). 
A Premolars of smaller diameters than true molars. 
a Heels of inferior molars supporting cusps. 
ff Superior molars subtriangular, rounded at inner angle. 
Superior true molars wide, .017, with small tubercle between external cusps, and strong posterior internal cingulum ; 
Srener are ous depth Of FAIMUG Ab Ms 1.7012. vv5b cic vlc cvuiecs coleceveleviddecdeccesescscccsss M. subtrigonus. 
Superior true molars, .019 ; external cusps close together and without intermediate cusp............... M. cuspidatus. 
Superior true molars wide, .021 ; inferior molars, .025 ; premolars, .025 ; depth of ramus at m. i, .015, M. protogonidides. 
Inferior true molars, .028, the anterior with a strong anterior fifth cusp...... EMratataterere wicfare’a oi beus'e.clercieiats'« M. floverianus. 
aa. Heels of inferior molars bounded by a curved crest (anterior inferior true molar with median anterior 
fifth cusp). 
Enamel wrinkled ; length of ramus, .110; depth at m. i, .020 ; true molars, .035 ; premolars, .035...... MW. corrugatus. 
Enamel roughish ; length of ramus, .160; depth do. at m. i, .034; true molars, .038 ; premolars, .041....... M. feror. 
AA Superior or inferior premolars of equal or greater transverse diameter than the true molars. 

a Heels of inferior molars supporting cusps. 
Last superior premolar with large internal cusp ; superior molars, .013 ; inferior molars, .016; premolars, .019; depth 
Taste, OLO s last MolarPdar ges... veces cescwnves Biot clerotehifenaisvers’> SG OOUOCUDtC Jobric. abuso oboD MW. opisthacus. 
aa. Heels of inerior molars supporting a curved crest from an external cusp (last molars small; no fifth 

cusp on inferior m., i). 

Cusps obtuse, premolars swollen ; superior molars, .018; premolars, .029; superior p. m. iii and iv, with internal 


cusps; depth of ramus at m. f, .012......... tach Werhhevet are daisies netee se seule sae rarele ess RSet I. turgidus. 
Like last but smaller, and internal cusp wanting on superior p. m. iii, and rudimental on p. m. iv; superior molars, 
BOLO PLOMIOLALB, no O22 isj0;0\ehwr:0.0 0101 ov eteiere: ore See teter sotto ie totcis seketalstatc clere(atnotets aera elas Psiivanttcectoer'e bp eae MW. xittelianus. 
Much smaller; inferior molars, .0125 ; depth of ramus at m. i, .007; exterior cingulum of superior molars strong ; 
premolars in both jaws large ; heel of lower molars with high edge............eseseeeeeeeeeee M. turgidunculus. 
Still smaller ; superior molars, .008, with strong external cingulum ; premolars not enlarged ; inferior m. iii not much 
SUOMI WictIls ics mec ws wa ee es misses said MPRA sie a Sieg Gre ates violate stale sic-me'e'd) share se Sie'ee' me ieine wersatt. ACOU/ URLS. 


Small ; superior molars, .010; without external cingulum ; intermediate tubercles very indistinct ; inferior m. iii much 
smaller than m. ii; premolars small..........cecescccsevccccccveccsstccccsse @ Bel alata ds! sieiaysia's slaved i. minimus. 


MiocL@{NUS BATHYGNATHUS sp. nov. 


Hstablished on a nearly entire left mandibular ramus which supports the true 
molar teeth and the second premolar. The species is distinguished at first sight by 
the relatively large size of the ramus, as compared with the dimensions of the true 
molars. The latter do not exceed in size those of the M. ferow, but the jaw is that 
of an animal as large as the M. conidens. 

The ramus is of compressed form, and is rather thin posteriorly, It is deepest 
below the first true molar. Symphyseal suture very coarse. Coronoid process large. 
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The condyle is broken off, but it was probably elevated a little above the line of the 
molars. Masseteric fossa well defined anteriorly, but not inferiorly. The angular 
region is perfectly flat and straight. The dental foramen is below the middle of the 
coronoid process, and just below the line of the bases of the crowns of the molars. 
Mental foramina two, in horizontal line. 

The inferior canine was large and compressed; part of its alveolus only remains. 
The molars and premolars are small. The crowns of the fourth and third premolars 
are lost, but judging from the extent covered by the two roots of the third, it is as large 
as or a little larger than the second. The second has a simple slightly compressed 
conical crown, with a small posterior transverse heel. The first premolar is a large 
tooth, and judging from the alveoli, of greater anteroposterior extent than any of the 
true molars. The true molars are somewhat worn with use. The anterior part of the 
crown is more elevated than the posterior, offering in this a resemblance to the M. 
conidens, and a contrast to the M. corrugatus and M. ferox. ‘The fifth cusp is en- 
tirely on the inner side of the crown, and is close to the fourth, which it did not equal 
in elevation when unworn. The heel of the third molar is short so that the length of 
the crown does not exceed that of the second true molar, which is the most robust of 
the series. ‘There is a cingulum on the external base of the true molars, and another 
on the internal base of the anterior half of the crown of the same. The enamel is 
minutely rugose. 


Measurements. NU. 
Estimated length of ramus to below condyle. ....ecceeeeeeeerceerceerces ho Sioa Ai aha ee é scott Rae 
Depth. at. Ms b neics as ee eale ciaeiels o'e.s als 6 om dle'e sete sis 6 ta ela/ates wie, tee] ents ie Ie ele ere ieee .044 
eens he Mer Serr Tenner an PPT CN er eer .040 
Width at, base of coronoid in front)... a.ssean sees elena are aiitiaictae> ie eoteee aoe sen EE 
Ibengthi of molar series: 1-1 slremissrce erie rites jae ve Wlote'a -d Bis aliaeim Ue! etigeieies Aare ob Steen .081 
cr SF ALUC: MOLATBicic.c. 6:4 x\0.0j0 010.9 91s vay wisihi ats  aveleraiel sie obs dt aiule Mae pareie geet ate a <ee 2 2088 
Diameter of canine alveolus (greatest) ..... aie cia eeieig gen agen a siaiue teenie cnet ocae dene Damen 
anter Wee E A oode Spies vin argh abel stato giao tetas ak See 0145 | 
Diameters base of p, m. i SPE pea : 
LLANISVOTSE.s, éc0/ ae og acle 0 9/2 heiele cee wniple Sipieeeleeiats aero Pree tl 
, ANLETOPOSLETION9\.°2 ais si .c:pia.a'eelv bine ive ecg aaa ae e ete a a i 
Diameters m. i P ee of =" 
LIGDBYVOISO Sc. ck owns evhcleme e me eee ooo andie'sbu ny deren le muir mine alata 000K ear 
2 «, ) Snteroposterion:..</.S 2 keass messiness et eee Ean Se, no laters . 01957 Ae 
Diameters m. ii rf PA ni cP 
ELADS VOTE. sins <lorers Guc= cto Seregenete feted WrrrIrererrrrrre rrr os 
anteroposterior, «. .2<< +snnes ss oseanaeny ROCO ee ee emEnen sae aieane weasee Oe 


Diameters m. iii P 
tYANAVETBS s 555 Sisw.aieeiw oteletareletotc la laleus & ateteletele ieee ere cre 4 


From the lowest bed of the Puerco of New Mexico. D. Baldwin. 


If the skull of this animal was proportioned as in allied forms it was 
size of that of the black bear (Ursus americanus). — = va 
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MIOCL&NUS CRASSICUSPIS Cope.. Conoryctes crassicuspis Cope ; Tertiary Vertebrata, 1885, p. 201, Pl. xxiiie, fig. 6. 


Better specimens of the Conoryctes comma and of this species show that there is 
nothing in common between them. The M. crassicuspis is allied to the M. corypheus, 
but has a deeper ramus of the mandible and was probably a considerably larger animal. 
The last inferior true molar is relatively of smaller size than in that species. Parts 
of lower jaws of three individuals are in my collection. These show that the fifth 
cusp is well developed in all of the true molars, and that the anterior part of the 
crown is higher than the posterior. The type and a second specimen are from the 
Lower Puerco ; the exact horizon of the other is unknown. 


Miocihanus cORYPHa&US Cope. Sarcothraustes corypheus Cope ; Amer. Naturalist, 1885, p. 386. 


Nine individuals represent this species in my collection. The best of these in- 
cludes numerous fragments of a skull with superior molar teeth, and a part of the 
mandible with the second true molar in a worn condition. The mandibular rami of 
other individuals furnish the entire inferior series. 

The crowns of the superior molars support two external conical cusps which stand 
close together, but are entirely distinct, and have a circular section. There is a 
single internal conical cusp flattened on the external side. The entire crown is sur- 
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Mioclanus coryphaus.—Fig. 1. Right squamosal bone, from within. Fig. 2. Occipital from front. Fig. 3. Left supe- 


individual except p. m. i, ii, and iii. Figs. 1-2, seven-ninths natural size ; 3-4, about natural size. 


rounded by a well-developed cingulum, which is especially prominent round the exter- 
nal anterior cusp of the second and third true molars. The posterior external cusp of 
the last true molar is rudimental, and is situated well within the external line on the 
posterior border. The fourth premolar has a single external cusp, and the cingulum 
is wanting on the anterior and interior sides. The outline of the base of the crown 
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of this tooth is subtriangular ; that of the first and second true molars is a half ellipse ; 
while that of the last true molar is a transverse oval, as in the two species mentioned 
above. In this last respect it differs from the species of Mesonyx and Dissacus, 
where that tooth has a triangular base. Enamel delicately wrinkled where unworn. 
In the M. antiquus and M. conidens, the first and second true molars have a triangu- 
lar outline, and there is no internal cingulum. 

The occiput of this species rises into an elevated transverse crest with an oval 
outline, like that of the Dinocerata. ‘This is divided in front by an elevated sagittal 
crest. The brain cavity is very small. There is a preglenoid crest. 


Measurements of Superior Molars. MM. 

Thene th ofstrde molars) ppareraere tet teeter teeter iare ele 6) </stais'4's:sre\plajetsiayeiereneletaretera tele) 0 iets Sateen 031 

: 7 if ANLCTOPOStETiION’.. <rai.vie.o'e sieves odie ae ae Pehle Melee ak ones tee .010 

Diameters of p. m. iv ; 

| fraDSVETHe » os seas) vn a a oiehgrleeenie eaweaienee statment ns -« 012 

: ., | @NtEYOPOStETION os Se ciate ois'a.c eisteve loiels wins aera sie etenrae ata x ere ar Ree cULT 
Diameters of m. ii 

tTBTSV OLS 5.5 cia aid xiwlare ett itia tale © oyolu eleven eisietery Mteistele Sica eres atatetat ietieaanm .016 

é <iq, | BNTEPOPOBLETIOL. «4, =, :0jses%eis oie « ale cles Aslensieithel-tcisys/nlp (a ipigist is eel .008 
Diameters of m. iii 

ELAS VOTSE:s a 5:0 0/0: 7s «xia e'e'oyp.5)6 9 ainle arelaiele.e oisier slate mies eiaie: inravernl dare en .015 

Elevation:.of Occipital! ‘crest c4)<7., (ssc isiie’ele' «sir vre'p leis» stelere aieiage stereetals eieiais eleteiaa eee .058 


The ramus of the mandible has a low and elongate form, and is not very robust. 
The inferior outline rises below the coronoid process, and the angular region is nar- 
row and compressed. The condyle is produced posteriorly, and its articular face is 
recurved backwards, and downwards, contracting to an obtuse angle. Its radial line 
is directed nearly posteriorly. The posterior border of the ramus is concave imme- 
diately below it. The dental foramen is below the middle of the coronoid process. 
The mental foramen is single and is below the p. m. iii. The symphyseal suture is 
coarse. | 

The canine tooth is of moderate size (crown broken off). The fourth premolar is 
one-rooted. The third and second are two-rooted. They are of equal size and small ; 
much smaller than the p. m. i. Their crowns are low, compressed-conic, with a small 
anterior cingulum and a short carinate heel. The p. m. i is as long anteroposteriorly 
as any of the molars. Its crown consists of a large compressed-conic cusp directed 
somewhat obliquely backwards, and a heel supporting two closely-appressed conic 
cusps. The internal of these is a little posterior to the external ; the latter is slightly 
extended towards the principal cusp. There is a low anterior basal cusp. The ante- 
rior part of the true molars is more elevated than the posterior. It consists of three 
tubercles as already described. The heel supports three cusps; a large external, 3 
which has a crescentic section; a minute median, and an anteroposterior ‘int 
which is of medium size, and little elevation. ‘The third true molar differs inh 
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the median tubercle as large as the external, thus developing a heel. There is a low 
basal cingulum on all the true molars on the external side, but none on the inner side. 
The external side of the heel of the p.m. i has a low cingulum. The enamel is 
minutely rugose, but is worn nearly smooth in old examples. 


Measurements of Ramus. i. 
AROS PIGTAAIS Garice Se Be OO ae SHOOTS 3O0I0-50 CPUC GOS BACOOCOHPCERO ES CL aCtic CNSR Doce tere -150 
ISTO? GPCL Gs CANES G8 Jam sh hin AN GCtOCn DID SOE MATOS H SCRE Goce crane ar .088 
oe SeMANIR OLS TMM GME Ne cel ors Severe eta al ernare TS etoeie isles © cin’sie'e't oc 8 fe eleva 6 0/4] ef@esaTave sieeve. tives w eles, + .073 
« SemBUL UIC) NORD LINOLICHT Ri taarete lo notre ents crs citer ora tube lela cic bovine cbctes bob ecesaceet see .037 
NMS co ULE tear erene siare a eae a ateteisien oo titi aleree oie ia Sewer eae Tas WS veld Sis wo 0 ew pew vs .0013 
4 PRULLALEPOMOS LOL Olaremter terete iuiste kate stele nies cine ec. sra.c sels cis sips w sss) olsibiai0e a's ieiee.s .0105 
Diameters m. i 
; ULAR CUS ELIT aloe feistere ore ctw wiarsie eis, cle) Wiacaisre /s e\6ie axes LL SRGCn Aap OD oROOOL cee .008 
3 WEE EAT OLOPURLOLION tetera tice eltieiote cree aiciere a ties ses ae eiercs % c,clonat ccs ceceene dase .0125 
Diameters m. ii 
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The mandible from which the above description is taken is that of a different 
individual whose cranial characters are given on a previous page. 
All the specimens are from the Lower Puerco beds. 


MI0CL&NUS PENTACUS sp. nov. 


Represented by mandibular rami of seven individuals, which display all the molar 
teeth except the fourth, which is represented by its alveolus. The character of these 
teeth is a good deal like that of the Protogonia puercensis, but the absence of superior 
molars prevents my learning whether the species is one of the Phenacodontidx or 
not. If it is, it belongs to a genus of that family hitherto undescribed, since the 
first premolar is absolutely simple, or without internal cusp. This fact prevents my 
reference of the species to the genus Chriacus, to which the details of the structure 
of the true molars have much resemblance. My reference of this species to Mio- 
clenus is therefore purely provisional. The very robust form of the first premolar 
resembles that of the Haploconus entoconus rather than that of any species of Mio- 
—clenus. — 

The inferior molars are robust and Phenacodus-like, but the fifth cusp is well 
developed in all of them, forming an anterior triangle. The three cusps of this tri- 
angle are only connected at their bases. The heel is wide and supports a large exter- 
nal marginal cusp and a curved raised margin behind and within, which is notched 
at two points so as to produce two narrow areas on wear. On the third true molar 
these are represented by distinct but rather small tubercles. The second true molar 
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is distinctly larger than the first or the third. ‘The external tubercles of all of the 
true molars stand within the base of the crown, so that their external faces are unu-_ 
sually oblique. They have a crescentic section, and the posterior sends its anterior 
ridge obliquely to the base of the posterior of the anterior internal cusps, enclos- 
ing a basin as in Chriacus. There is a delicate cingulum round the base of the 
crown on all except the internal sides. The first premolar is a robust tooth, with a 
wide narrow heel, and a small anterior basal tubercle, besides the principal subconic 
cusp. <A delicate external basal cingulum. The third premolar has a minute heel, 
and no external or anterior cingulum. Fourth premolar one-rooted. A short space 
between third and fourth premolars. Enamel minutely rugose, but polished. 

The ramus is not deep, but is robust. Its inferior outline rises posteriorly from 
below the anterior part of the third true molar. The anterior masseterie ridge is 
prominent. The coronoid process rises gradually from the third true molar, without 
carrying that tooth with it. The, symphysis extends posteriorly to the line of the 
posterior border of the third premolar. Mental foramina below the second and fourth 


premolars. 

: Measurements. MN. 
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The seven. individuals represented in my collection are all from the Lower 
Puerco, and the species is probably confined in its range to that horizon. 


MI0OcLAZNUS GAUDRIANUS sp. nov. 


In this species we have a form which in various respects suggests approach to 
Onychodectes. It is represented in my collection by several fragments of the skull 
of an individual of medium dimensions in the genus, Both maxillary bones are pre-" 
served with most of the molar teeth, and a part of the mandible with the last 
molars. 4 eka 


“J 


The first superior premolar has the principal cusp an acute cone with the | 


but little compressed. It is joined to an internal cusp whose apex is cre 
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Externally it is bounded by a strong cingulum whose anterior and posterior extremi- 
ties rise into strong basal tubercles of crescentic section. The first true molar is 
considerably smaller than the second, and has a strong posterior inner cingular tuber- 
cle, but no internal cingulum. The second true molar has the structural characters 
of the first. Its external cusps are conic, and are little compressed. There is a 
strong external cingulum, but no internal cingulum. ‘The third true molar has a very 
small anteroposterior diameter, and has a very strong external cingulum which in- 
creases the transverse diameter of the crown. There are delicate anterior and poste- 
rior cingula, which are continuous round the internal base of the crown. | In the 
lower molars the third is considerably smaller than the second, and its keel is but 
little produced. The anterior part of both molars is elevated above the posterior 
part. 

The ramus mandibuli is characterized by the rapid increase of its depth ante- 
rior to the base of the coronoid process, and by the distance of the m. iii anterior to 
the base of the coronoid process. The anterior border of the masseteric fossa is not 
very strongly marked. The caleaneum has the form usual in Creodonta. The sus- 
tentaculum and internal facets are well spread apart, and the cuboid facet is triangular 
and oblique to the long axis of the bone. 


Measurements. M. 
Length of bases of posterior six superior molars. .....cssecceecscccseccsvecceewccescvces 045 
- Ss SSCETIC TOLL Utertatee ee ee nae eet as dics SeCirs ves ee see sb eee esdensese .021 
AULCUOUONLET ION pny Seraiete cS Sictn wis.cialel cols sie oidice Give Sb o.cre Sele ds stein e sae .007 
Diameters of p.m. i e 
ERLE VOL AGemeretetcla ssin’ sista citnlp siacs\eicicie cine 0i8'6's,e\sid 016 cs o:¥.0.0.0 ¥0.s\e's.sic os aaron .008 
Rs ener oR SEC) mT EPR TM DEA TIE GLEE) ce icie chalets tle cia ae & <u sieid cic cre ele ola sie, cvstaleisicieie od sins ss O00 See ne sie .008 
a AIEUALO DOSLCTIO“ Mra ttatisteinr cece ciniteee vines oa tia eee aeen ee eos enee cress 007 
Diameters of m. ii re 
MPATISVEIRO civienis 0s olsie A Goi ks Rao A POO ELI COLE ce OE OSE R TO .0105 
é SEEM ASTOLIOU ence te acule a iersiacis). oe ore Sete ccleciels aie ri0iv.ccfdis'a6 oe 8 gece ees .005 
Diameters of m. iii P 
MEATS VGUSEsinte bieiclare lop sis stoia.sie HO e ORE ROS CG OAs RIA RACE .009 
Ieee SCRE ELT TT eee ar alse eieisticis aie eyes tin Sir «lela vie 8 cleo och, << sieis's(S aa eos we ee esse’ .0085 
4 f i > \ ANTGTODOSLOTION. sap s.cis e's oes .c= 0 PEE isa ie wie emies aes ae ace .009 
Diameters inferior m. ii 
DPA Ot BORER cere mrelc aisle lava tie.e \< ksia wine 9 alselals edieiwie See. esc sees -005 
DSDUN Ober Hie Mut HSOr OL (COLONOG ac swim oe os me accccescasine ce sicice pec eccecvenessecess .020 
of: ie SSMLECH Ly TITeM isieaiee eile kek isve 8<.6 0. « ATE Te erie mietenine Tiere os evens se ae .025 
Length of caleaneum....... ear tarse sk St GET DS GAGES TOS OOOO ee sateiorets Pile teas tate: selene .025 
Le *€ FTC CAICATL...0cceeceecncscesensecencececssenseccccerscccsscnessesecereseces .014 


This species has molar teeth about the size of those of the M. protogoniordes. 
In that species also, the second superior true molar is larger than the first, but the 
third is relatively larger than in the M. gaudrianus, having two well-developed 
external cusps. The ramus mandibuli of the MZ. protogonioides does not increase in 
depth anteriorly, and the inferior m. iii is larger. There is no fifth cusp on the molars. 
A. P. 8.—VOL. XVI. 2P. 
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This species is dedicated to my distinguished friend Prof. Albert Gaudry, Pro- 
fessor of Paleontology in the Jardin des Plantes, Paris. ‘The type specimen comes 
from the Lower Puerco. 


MIOCL&NUS INTERRUPTUS Cope. Deltatherium interruptum Cope, Proc. Amer. Philos. Soc., 1882, p. 463; Tertiary 
Vertebrata, 1885, p. 282, Pl. XXIII d, fig. 13. 

The type and only specimen of this species is imperfect, but presents the char- 
acter which is shared by no other in this genus, of interspaces between the second, 
third, and fourth inferior premolars. The fourth premolar is not present in the speci- 
men, whence my former reference of the species to the genus Deltatherium, but the 
appearance ofthe surface of the ramus leads me to suspect that the tooth has been 
lost by accident. The species is further peculiar in the very small anteroposterior 
diameter of the first premolar, in which it differs from the other species where this 
tooth is known. The fifth cusp is well-developed on the m. i, but the other inferior 
molars, with the superior dentition, are unknown. 


MI0CL&NUS LYDEKKERIANUS Sp. nov. 


This species is characterized by the presence on the inferior molar teeth of a 
distinct curved ledge in front of the two principal anterior cusps, which terminates in 
a more or less distinct fifth cusp at its internal extremity. The ledge with its curved 
anterior edge is unusual in this genus, though more or less developed in some of them, 
especially the MZ. opisthacus. The present species is much larger than the latter, and 
exceeds the M. subtrigonus also, but is smaller than the I, protogonioides. 

The heel is rather wide and the edges elevated and with only an external cusp- 
like elevation, giving a basin-like surface. The last molar is not enlarged or reduced, 
but is narrower than the m. ii. The crowns are without cingula, and the enamel is 
obsoletely plicate. No premolars preserved. 
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British Museum. 
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MI0cLANUS FILHOLIANUS sp. nov. 


Parts of both mandibular rami of two individuals represent this species in 
my collection. One of these presents the five posterior molars in perfect preservation. 
The characters ally the species to some of those of Chriacus, but the simple first 
inferior premolar distinguishes it from that genus. After the M minimus and the 
M. acolytus this is the smallest species of Miocleenus, and its inferior molars have the 
cusps more acute and elevated than in any other. 

The molars are distinguished from those of several other species, including Chri- 
acus schlosserianus, in that they increase in size, regularly posteriorly. The first is 
thus much smaller than the third, a proportion which is reversed in many other spe- 
cies. ‘The two anterior cusps are joined much above the level of the heel, which 
would be thus much below them, but for the fact that its border is much elevated, 
leaving the median surface a deep basin. The fifth cusp is small and is elevated and 
close to the fourth, and is connected with the anterior external by a curved crest. 
The edge of the heel is developed into three small cusps, one median and two 
lateral. The third true molar is quite elongate, and has six well-developed cusps in 
all. The first premolar has a short base, and the principal cusp is truncate behind, 
and has a sharp edge in front. The heel is very short and terminates in a small acute 
cusp, and there is no anterior basal cusp. The second premolar has a small cuspiform 
heel. ‘There is a weak cingulum on the first premolar and first true molar, but only 
traces remain on the m.iandii. Enamel smooth. 
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The two specimens of this species were found in the lowest beds of the Puerco 
formation by Mr. David Baldwin. It is dedicated to Dr. Henri Filhol, the distin- 
guished French paleontologist, whose discoveries in the field of extinct Mammalia 
have been so numerous and important. 

MiocLa&Nus EMmadmtbrwis Cope; Amer. Naturalist, 1882, p. 883; Tertiary Vertebrata, 1885, p. 840, Pl. XXVf, 
fig. 17. 

This species has been known hitherto by the last two superior molars only. 

At present I have in addition, a fragment of a maxillary bone with the first and sec- 
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ond true molars, and a set of jaws of a single broken skull, and also a left mandibular 
ramus containing all but the canine and fourth premolar teeth. The species is dis- 
tinguished in the upper series by the relatively considerable development of the 
second and third superior molars, the third having two well-developed external cusps. 
Also by the strong development of the intermediate tubercles, and the distinctness 
of the posterior inner tubercle of the first and second true molars. ‘Though distinct, 
it is only a small acute elevation of the posterior cingulum. The latter passes 
round the internal base of the second and third true molars, but not the first. 

The ramus of the lower jaw is of moderate and uniform depth throughout, and 
not convex below, as in M. gaudrianus. 'The second and third true molars have no 
trace of the fifth cusp; the anterior part of the first is lost. There is a weak median 
posterior tubercle on the first and second true molars, which is developed into a very 
large obtuse heel in the third, so that this tooth is longer than either of the other true 
molars, and reaches to the base of the coronoid process. The first premolar is not 
relatively so large as it is in some of the species above described. Its principal cusp- 
is but little compressed, and the heel is short and transverse, and has the inner ex- 
tremity almost cuspidate. A small acute anterior basal cusp. The second premolar 
has anterior and posterior basal cingula only. The third is a little smaller than the 
second. ‘The only cingulum of the inferior molars is at the outer base of the anterior 
half of the crown. This half is a little higher than the posterior half. 
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MI0cL]NUS FLOVERIANUS sp. nov. 


This species is indicated by parts of two mandibular rami which display four of 
the molar teeth, with which were found the following bones of the skeleton: several 
vertebrae, parts of both humeri, distal end of radius, greater part of right ilium. 
These all appear to be parts of the same skeleton. . 

The first true molar has a well-developed fifth cusp which is median in position 
and larger and lower than the fourth cusp, from which it is well separated in position. 
There is no trace of fifth cusp on the other true molars, but there is a median poste- 
rior of small size on the m. ii. The last inferior molar is not reduced as in some spe- 
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cies, but is smaller than the penultimate, and has but a short heel. The first pre- 
molar is about the length of the first true molar. It is robust, and the cusp is a little 
compressed, but is flattened behind. The heel is very short and is convex posteriorly. 
A. very small anterior basal cusp. The anterior part of the crown of the m. i 
is higher than the posterior, which only supports one tubercle, the external. The in- 
equality between the anterior and posterior tubercles of the third true molar is 
unnoticeable. No cingula on molars or premolars. 

There are two lumbar and one caudal vertebrx. The centra are depressed by 
pressure ; arches lost. The caudal vertebra is one of the proximals. It is robust, and 
indicates a well-developed tail. The head of the humerus is extended in the direc- 
tion of the greater tuberosity. The latter is large and truncate both proximally and 
externally ; at the posterior external angle is a distinct fossa m. teretis. The bici- 
pital groove is wide. The lesser tuberosity is bounded by an angle, which rises prox- 
imad and towards the greater tuberosity. The deltoid ridge extends to below the 
middle of the shaft. The internal condyle is large and compressed so as to be verti- 
cal; it is pierced vertico-obliquely by the large entepicondylar canal. The external 
epicondyle is very little prominent, and is mostly occupied by its fossa. The trans- 
verse extent of the condyles is not very great. The lateral borders of its posterior 
groove are sharp. ‘The convexity of the roller is pronounced but not approaching an 
intertrochlear crest. The distal extremity of the radius is wider than deep and the 
outer side is truncate, so that the section of the shaft is a triangle. At the extremity 
the ulnar side is grooved, and above the prominent superior border of this groove is 
another, which is bounded above by a short robust flat ridge. ‘The outlines of the 
scaphoid and lunar fossz are distinct except where they pass into each other. 

The ilium is robust, and at the peduncle the anterior or inferior face is nearly as 
wide as the interior. At the sacral articulation it is moderately expanded. The an- 
terior inferior spine or tuberosity is moderately prominent, and is situated a consid- 
erable distance proximad of the acetabulum, opposite the narrowest part of the 
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Measurements. NM. 
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This species is one of medium size in the genus. It is quite of the type of the 
M. ferox and M. corrugatus. Its inferior molar teeth are considerably larger than 
those of the MZ. protogonioides, and the last one is shorter in relation to its length, 
It is dedicated to Professor W. H. Flower, Director of the Natural History Depart- 
ment of the British Museum. 


MIOcL&NUS CORRUGATUS Cope ; Proc. Amer. Phil. Soc., 1883, p. 560; Tertiary Mammalia, 1885, p. 341, Pl. XXIV f, 
fig. 5; XXIV g, fig. 8. 

The discovery of nearly entire mandibular rami of this species and of WM. ferox 
enables me to determine the distinctive characters of the two species better than 
heretofore. While the true molar teeth in the two are of nearly equal size, or at least 
within the range of variation not unusual in a variable species, the mandibular ramus 
of the M. corrugatus is very much smaller every way than that of the MZ ferom. 
The shortening influences the length of the premolar series, which is much shorter 
in the M. corrugatus, the teeth being crowded, while in the JZ. ferox they are (the sec- 
ond, third and fourth) separated by interspaces. An astragalus which accompanies 
the jaws of MZ. corrugatus is identical in character with that of the MZ. ferox but of 
smaller size. : 


MiochaNus oprsTHacus Cope; Amer. Naturalist, 1882, p. 833. Hemithleus opisihacus Cope; Tertiary Vertebrata, 
p. 407, Pl. XXV f, figs. 8-9. 

The typical specimens of this species include parts of four mandibular rami with 
teeth, and a single superior molar, which is that of a species of Hemithleus. The 
association of this superior molar with the mandibles cannot be demonstrated. I 
have subsequently received a mandibular ramus with nearly complete dental series, 
associated with a portion of a skull which contains the true molars and the first pre- 
molar in a perfect state of preservation. Everything inspires the belief that these 
are parts of the same animal. In addition I have parts of both rami of a sixth indi- 
vidual which support most of the teeth; and a maxillary bone with m. ii, m. i and p. 
m. i, with parts of mandibles of a seventh, and mandibles of five other individuals. 
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This species exhibits characters intermediate between the types with robust pre- 
molars, and those with premolars of narrower and more angular form. The second 
superior premolar has no internal cusp and is trenchant, but the first has a very large 
internal cusp, whose base is as large as that of the external one, and which has slight 
anterior and posterior cingula, but no internal or external ones. It resembles the cor- 
responding tooth of some of the Periptychide. The true molars are those of this 
genus, resembling those of the M. subtrigonus. ‘The external cusps are distinct and 
not compressed. ‘The crown is surrounded by a cingulum except on the internal side. 
The cingulum rises into a small cusp between the external cusps, and into a small 
but distinct posterior internal cusp. In the inferior series the first and second pre- 
molars are enlarged and have longitudinally oval bases; both have posterior heels, 


. de pe 
Fig. 5. Fig. 6. 

Fig. 5. Mioclenus opisthacus molars of both series $ natural size: the cusps are lettered ; ae, anterior external ; pe, 
posterior external ; ain, anterior intermediate ; pin, posterior intermediate ; a7, anterior internal ; pi, posterior in- 
ternal; 5, fifth cusp. 

Fig. 6. Chriacus priscus % natural size ; teeth of both jaws. 


and the first has a small anterior one; both are like those of Anisonchus. The in- 
ferior true molars illustrate the transitional condition of the fifth cusp in this genus. 
A narrow crest descends inwards from the anterior external cusp, but terminates 
below the level of the fourth, or opposite inner cusp, and there is no fifth cusp, or but 


a rudiment in the m. iii of one of the specimens. 
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MI0cL&NUS ZITTELIANUS sp. nov. 


This species is represented by a skull which lacks the occipital region. It is 
enclosed in a silico-caleareous concretion, and the teeth have been cleanly exposed by 
weathering, but the surface of the skull is not cleaned. Large parts of both mandi- 
bular rami with their teeth are preserved. 

The dental characters resemble those of the M. turgidus, but differ in the absence 
of internal cusps of the superior premolars. ‘he dimensions are smaller, especially 
those of the premolar teeth. The last molar in both jaws is much smaller than the 
others, as in M. turgidus, and the intermediate tubercles in the superior molars are 
present, but small. The external cingulum is distinct on the superior true molars, 
but wanting on the premolars. The same is true of the anterior and posterior cin- 
gula, while internal cingula are absent from all the teeth. The heels are rudimental 
on the first and second inferior premolars. 
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_From the Upper Puerco. Dedicated to Professor Karl Zittel, of the University 
of Munich, and Director of the Museum. 


Mr10cL&NUS TURGIDUNCULUS sp. nov. 


This species is primarily indicated by a portion of a. left maxillary bone which 
supports the first two true molars, and the first premolar. There is a mandibular 
ramus supporting the corresponding teeth of the inferior series, which probably be- 
longs to the same species, and the posterior parts of two other rami, each supEg rine 
the last two molars, are also referred to it. 

The peculiarity of the superior molars consists in the strong exten cingulum 
and intermediate tubercles, and the large size of the first premolar, and especially of 
its meee cusp, in which hese it resembles that s the wie pacslckis beh Tt 


M. minimus the molars have no cingula, except faint traces of the anterior 
terior, and the intermediate tubercles are bho. © 
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The inferior molars are referred to this species because of the large size of the 
premolars, which approach in dimensions those of the MW. zittelianus. The first has a 
low wide heel, and no anterior basal angle. The fifth cusp exists as a cusp on the m. 
iandii. The curved border of the heel in these teeth is more elevated than in the 
M. minimus on the inner side, so as to enclose a deep basin, which is much better 
defined than in M. minimus. In the third and fourth individuals, where the last inferior 
molar is preserved, this tooth is smaller than the m. ii, and both of these teeth have 
the fifth cusp present, but small, and appressed as a small twin on the anterior face of 
the fourth. This occurs also in the M. acolytus, and I do not believe that the char- 
acter is constant. 
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The typical specimen is from the lowest beds of the Puerco. D. Baldwin. 

MiocLainus acoLtytus Cope. Hyopsodus acolyius Cope; Proc. Amer. Phil. Soc., 1882, p. 462; Tertiary Vertebrata, 
1885, p. 238, Pl. XXIII d, figs. 5-6. 

Additional specimens of this species show that it differs from the M. minimus in 
the presence of a strong external cingulum of the superior true molars, and the less 
reduced size of the last inferior molar. A single specimen, figured as above, displays 
the first two true molars and the first premolar above, and both the last inferior molars 
of the same skull. From the IZ turgidunculus this species is easily distinguished by 
the small first and second premolars in both jaws. A damaged skull, without lower 
jaw, shows this character, as well as the type, and also that the fourth superior pre- 
molar has but one root, and is of small size; also that the canine is well developed 
and has a vertical direction. The second superior premolar has an internal cingulum, 


but no cusp. 


Measurements of Skull. M. 
Length of superior dental series..... Sconce se SCRE IOC Wale crerstste caucincdatck anc Seonvogee 0252 
oi w ss LOE AS OS 2 SSB “are ae a .009 
Width between superior canines............ 0c. cece eee cere eee e neers ee ens ee eeereeane 011 


Five specimens; all from the Upper Puerco except one, and the specific refer- 
ence of this one is uncertain. 
A. P. 8.— VOL. Xvi. 2a. 


\ 


\ 


~ Medium ; molars .0165....... Hy 
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The tritubercular superior molars and simple premolars show that this species 
cannot be referred to the genus Hyopsodus. 

The number of the superior premolars of the allied JZ minimus is unknown, so 
that it may be a Tricentes. In this genus it can be only compared with the 7! in- 
wequidens (Fig. 8), which is of about the same size. But in that species the last 
molar is still more reduced than in M. minimus. 


eo HI” 


Fig 8. 
Fig. 7. Tricentes bucculentus % natural size. Fig. 8. Tricentes inaquidens } natural size. 


CHRIACUS Cope. 
Proc. Amer. Phil. Soc., 1883, p. 314; Tertiary Vertebrata, 1885, p. 740. 

In the absence of sufficient knowledge of the skeleton in this genus I find its 
distinction from Miocleenus to rest on dental characters. It differs from that genus in 
the presence of an internal cusp of the first inferior premolar, which is however but lit- 
tle developed in some of the species. he molars of the inferior series may be usually 
easily distinguished from those of Mioclenus in the well-developed fifth cusp, and 
in the trihedral cusp of the external side of the heel, which with the raised internal 
border gives the heel the basin-like character which is seen in Pelycodus. ‘The char- 
acter of the inferior molars graduates into that of Mioclenus through such pigs 3 as 
M. subtrigonus and C. schlosserianus. 

The species are difficult to distinguish with the material in my possession. I 
recognize ten from the Puerco and one from the Wasatch. The former are distin- 
guished as follows. Owing to the absence of corresponding parts I am obliged to 


compare the superior and inferior dental series in separate tables ; SUA tS 
bc RR? rods 
Species with Superior Molars. be sy 
I. Posterior cingulum and its interior cusp large, forming a prominent angle of the crown. "ihe te i ca 
Larger; true molars .0185,.2% Jci00. an. ioe ete * le 


Smaller; true molars .014 (Fig. 9) 
II. Posterior cingulum and cusp small or insignificant. 
a, Superior molars wider than long. 
Largest; molars .0195; depth of ramus at m. i .012........0000 cecsveeeess 
Medium ; molars .015 ; depth of ramus .011.. 
Smallest ; molars .010; depth of ramus .007..... 
aa, Superior molars longer than wide. 
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Species with Inferior Molars only. 
I. Size large ; premolars unknown. 


eprenor true molars '.0295 5 depth raviis ati, 1,015 <0. .0.. cs cienesee’ «ch secctccchsceeiscesceeas C. ruetimeyeranus. 
II. Size smaller ; premolars not spaced. 

Inferior true molars .023, last large ; ramus .018..........ceeeceseceeseees a letole tis Side pales? shpants Shots Sia ae C. pelvidens. 

Inferior true molars .017, the last small, the first not reduced; ramus .O11...........eeeceeeeeecees C. schlosserianus. 
III. Size smaller ; spaces between p. ms. ii, iii and iv. 

True molars .018, fifth cusp very distinct from fourth ; molar series .048 .....cc.cccccccsccccretcccscese CO. baldwini. 

True molars .024, fifth cusp divergent, connected with fourth by a crest ; molar series .050...... Sacre ees C. stenops. 
IV. Smaller ; third premolar larger than second. 

Pipes meiernmnan St Tei, TOL... .cccc onesie sie saeaeds<es's Rosidiosrsieties RPM TARTS GIS odie. c'S.aie "bios Sis'ss he 'e's's C. inversus. 


Fig. 10. 
Fig. 9. Chriacus truncatus % natural size. Fig. 10. Indrodon malaris § natural size. 


5 


CHRIACUS PRISCUS sp. nov. Fig. 6. 


This species is represented primarily by a fragmentary skull of which there 
remain, the superior walls of the brain case, a part of the left maxillary bone, which 
supports the posterior five molars ; part of the right maxillary with three molars, and 
part of the right mandibular ramus with the anterior two true molars. There are asso- 
ciated as cospecific with this individual, a second, represented by superior and inferior 
molars; a third represented by superior. molars only, and two others represented 
by mandibular rami only ; in all, five individuals. All are from the lowest beds of 
the Puerco. 

The superior molars are of the same size as those of the C. pelvidens, but are 
very different in form. The absence of the strong internal angles of the crown at 
the inner extremities of the anterior and posterior cingula, is one character. ‘The 
straight outline with an open margination of the external side of the crown in C. pel- 
videns is in strong contrast with the two convexities, each following an external cusp 

_which form the outline in the C. priscus. The first premolar has a small internal cusp 
in the O. priscus ; a large one in the C. pelvidens. It is represented by an angular 
cingulum in the C. priscus. In this species the cingulum does not extend round the 
inner base of the crown, except weakly in the last molar. 

The inferior molars have a relatively greater transverse diameter than those of 
any other species of the genus. They also differ from those of the C. peluidens and 
C. stenops, which they resemble in size, in the nearly equal elevation of the anterior 

and posterior cusps, and in the absence of an external basal cingulum. ‘The fifth 
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cusp is a small cone, and is not spread away from the fourth and connected with it 
by a crest, as in C. stenops. In specimens with the last inferior molar preserved, that 
tooth is seen to be of average proportions. 

The brain-case is long, narrow and rather low, and the sagittal crest is low and 
thin. It does not in the least resemble that of Adapis, but is rather that of a Creo- 
dont. Postorbital region lost. 


Measurements. M. 
Length of fiyesuperior moOlarsin. oa vain «ain sieis'siele oye sais pra'vis wieitinics o's os itt siayi elstetO eee 081 
Di ‘ : ANLETOPOSTELION +s w:cislornviaierciaielswics Wie oclele « ele Slctalereereele es oes oe er .0055 
iameters p. m. i : 
P TYANISVEIBC: . 5 so svisis cu. ois siren vise 8:56 OOo 'y eves alt atts tee tts anne nerene enn .0055 
: ,, (anteroposterior %. <2... csmeomer oan eee ees eee oid 5 cl 0a on .007 
Diameters m. ii 
TTATISVEIBGC %c bee cae cin aig.b score. ble einen rs Soda tacal ie ote ata ete te i betaine fe ia ane eee .0085 
; =, ( amteropostenlOrics csc. wists ve se ctea wee dee a cheers si cite sion .0055 
Diameters m. iii 
tPADSVEMSC «ac ods si c'v'd nla» bG'olace eleris'ss ole’pieteis ster eleievenions pc btiie ite elem ienmn 0075 
v : : = | anteroposterior?...<s...< 6s sissis soleis talemicis'ns elvis eis\tie ike eileen .007 
Diameters inferior m. ii 
CLANS VELEE, o 7. v sikis oa clo Sena eee oe epe ie eit ee ee eae sien «02 ORD 
: _ oi Anteroposterior <. . 2. 0s ssa sisters c cloishis « srs ipiaretnie)eleinteiaiticjere gti vmietereie ean -006 
Diameters m. i 
tPANSV OTRO <0 6 c.cccs xciwcloie Oa ve ola Ceseais oie alate ok aie ere cisely ele epiniee tieEe .006 
Depth of ramus ahimtess ie oc caine ee ate ictent oh eee Sioth'e, qe: slays 6 ep a 4° eralera erolat ie anaeaa .012 


CHRIACUS SCHLOSSERIANUS Sp. nov. 


Parts of four individuals represent this species. Three of these are from the 
Upper Puerco; the exact horizon of the fourth is probably the same, as those from 
the Lower Puerco are especially marked in my collection. The typical specimen in- 
cludes parts of both maxillaries with molars ; both mandibular rami, one nearly per- 
fect and supporting the last four molars; parts of both humeri, an ulna and part of 
the right astragalus. The species is smaller than the C! priscus, and has about the 
dimensions of the Mioclenus subtrigonus. : 

The posterior internal cingular cusp of the second superior molar is better devel- 
oped than in the C. priscus, but nothing like that seen in the C. pelvidens and C. trun- 
catus. ‘The cingulum continues round the internal side of the crown in the second 
and third molars (first injured). External cingulum present. Last molar of rela- 
tively small size, about as in Mioclenus turgidus, but larger than in Tricentes inw- 
quidens. Internal cusp of p. m.i small. The inferior series is distinguished by the 
small size of the third. The anterior part of the crown of the inferior ‘molars has 
a distinctive character. The fifth cusp is not distinctly defined, but the anterior part 
of the crown forms a tons DHE the anterior aes or that oo the ex- 
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cusp of an elevation equal to the internal cusp. There are no interspaces. between 
the first, second and third premolars, and probably not behind the fourth, as the jaw 
is shallow and tapers rapidly. It is, however, deeper than in the C. simplex. Mental 
foramina below the second and fourth premolars. 

There is nothing noteworthy in the humerus. The astragalus has but a short 
anteroposterior trochlear surface, and it extends well on the neck, indicating a planti- 
grade foot. It is slightly concave transversely. ‘The malleolar face is oblique, and 
projects posteriorly beyond the fibular face, which is vertical. The base of the pos- 
terior notch bridges the minute median foramen. ‘The ulna is much compressed, and 
has a large olecranon. The humeral cotylus is diagonal to the long diameter of the 
shaft, and has «4 marginal flange behind on the interior side, and in front on the 
exterior side. The radial face is absolutely flat and is directed inwards at an angle 
of thirty degrees from the vertical. It indicates a flat head of the radius, without 
rotary capacity. Below the superior border of the ulna, on the external side, is a deep 
groove which extends to the edge of the flange of the humeral cotylus. 


Measurements. NM. 
Length of superior true molars........ SiS bincioe Bek IO OC DERe D508 ED QOUCODBerEnOOOOee Se OLD 
: Wen (i ABTCTOPOSTELION ss «> «-<7e) sm icie' Seaiare¥ate ete AeatSocoare aepntalieccte si<ie stateless sie .0062 
Diameters of m. iii 
tYANSVETSC.. «ceases. Raspes aeae marie os ane See pls/olelel@iataicis!sfstateisiatne svaisic 0035 
* ,. | anteroposterior......... mietefete aidiaiyiciate eis velor so ite aiehasaaie BSEROC CREA OOD ER .006 
Diameters of m. ii 
UPBTISVCISO.. s ccies «ce ees Sietersteteisiecsieisi ye ate; e Wistaletate (diafet sists !Siats eisrs's) ¢'s/s'e\2)siecs .008 
, PUPA TLOTONOSECTION Natale s\ofsislstels'«icleisin tielnisielas d cle s/sichh vieleieiviele s eral slaverateeaatcd Ne 0055 
Diameters of p.m. i 
LEONE VEL Ss Osaerete tate cca pictetelelaici= eictslels era's siti si o'er sielejeisin alc ole Sic.c.e/ee cic 's 4. 004 
Wem etHrOLansOriOk MOLATSLCSS Mii rls. sc cusses bs os oeinsiescislediewseevrecnesrccvecsises sone 029 
2 es CON) olin le Cis haere bergoot SiC oadC ROT RIOD CSOD OS B.0 IRIDICESOF on SEIOCTICIaD oe 017 
fe ge BS Mur OMATy 111 Gs /ateeisictanie’sisi ej sisieis!s'x, 2 Veins Sarehoa haere Helats se tela't same d Nica saietaye a. 0050 
: Pe WANLELOPOSCEIIOL sc c.ccie see + 6 SiQacse HIG BLE EN. are siepine bie OE OO OCCT 0055 
Diameters m. ii 
RIVA VOLS rttaie st icles ait aticissicle(e wisp ile'e's wisial ees. s'<1e Retebyatciactanye Saiut asters ve .0045 
Depth of ramus at m.i.......... Sbogepee DebGude bo La NOODD gat Rho tise hele eres ohare stele) states’ 010 
Width of distal condyle of humerus in front. ...... Diasec alte tdus weiss cbistoisis e's Shots <a siele.o biciss O11 
. ; MC CEO PRUE UGE A Metstsric siete, stercic aia ae sieistelslshe< whve's 6/6 <<) 0 006 
Diameter shaft humerus at middle 
DTANSVETSC ws <s1<s%<0.0 <1 Retna Sheba.) alstwabe stats arate hetste arene 7 007 
at olecranon...... SOR SONTAG OGESE ARCOGSOGSN0O DOCG O ECAR OOOAT IAS .009 
Depth of. ulna 4. at-cotylus......c.scsceseres sas Peete, eet meen Maes eecle tarysie vent aes .0065 
At COTONOIG. 6.6... cece eee rere eect nese eee ceeeeeeeeeree scenes ease ees OOG 
Width of astragalus.......cssseseerseeeess COAG SBbg YeCa RRO Cte COCR ROCOR Ceaser -008 
Width of trochlea.........-.ssessesscees 6.6 pS COLISO OD DEDDOODMED 1 SeOOIne Peterareral oisitiake Bae e000 
Height of trochlea, external sid@.............eeeeeeneeeeeee bere eeeeeereeees By) Ais Bua vig 1 10085 


This species is dedicated to my friend Dr. Max Schlosser, of Munich, whose 
works on the extinct Mammalia are among the most important of modern times. 
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CHRIACUS RUETIMEYERANUS Sp. Nov. 


This is the largest species referred to the genus, and is the only one as yet repre- 
sented by a single individual. I possess part of the left mandibular ramus which 
exhibits the true molars, and the roots of the first and second premolars. 

The last molar is as large as the second, and its anterior cusps are not opposite 
to each other as in other species of Chriacus, but the external is in advance of the 
internal. The fifth cusp is not elevated as in other species, but is represented by an 
internal angle of an interior ledge, which is quite wide. The anterior cusps of the 
m. i are opposite, those of m. ii are injured. The heel has the external cusp of cres- 
centic section, and the internal elevated border. No cingula. Enamel obsoletely 
coarsely rugose. ‘he heel of the m. iii is well developed, as are also the adjacent 
internal and external marginal cusps. 


Measurements. M. 
é : AnteropOsteLlOr iis. «cau sees clamethe as eisiee as fae 0 ed .seleiels\staetsree aie -009 
Diameters m. i 
tPANSVENBCS baidd scl ccnlsidebils chew cass op kv elie odeae at Ug curacy Renn .005 
: +. BNLELOPOBLOLIOL «¢ wns s wisi praca wesves ola Uinere ale ate w Cork v piglet wii iele atin laren .010 
Diameters m. Iii 
tYADSVOLAC: che 6c dca ne sle'e.y 16.60 0'e' a dlarn lo ple's lo biaeint a, hidiecste ait es alee enna .0055 
Depth of:ramus at posterior end Of My 1 sec ace wes + eaves wacln fo ee'ela sin pine sisi ialerr hie 016 
e ne “s $6 ON, TD. ois dv onjere oWic itera ee eeolp res iat eugiare rel araiatn nan 021 


From the lowest Puerco beds. Dedicated to Prof. L. Ruetimeyer, the distin- 
guished paleontologist of Basle. } 

CHRIACUS BALDWINI Cope. Deltatherium baldwini Cope; Proc. Amer. Phil. Soc., 1882, p. 463; Tertiary Vertebrata, 
1885, p. 282, PJ). XXIII d, fig. 12. 

Besides the type of this species, I have obtained since its description, the greater 
part of the mandibular ramus with teeth with several parts of the skeleton, of one 
individual, and both mandibular rami with most of the teeth of a third individual. 
Parts of the rami of a fourth individual may belong to the species. 

The complete rami show that their anterior portions are produced, and that the 
premolar teeth in front of the second are spaced. ‘The second and third are close 
together. The true molars themselves are a good deal like those of the M. subtri- 
gonus with fifth cusp. ‘The internal cusp of the first premolar is rudimental in this 
species. The premolars ef the M. subtrigonus are not spaced. ‘The fifth cusp is small, 
distinct, and not involved in a crest. There is a small median cusp of the heel. 
The first premolar has a distinct heel. The enamel of the molars is coarsely rugose, 
a surface which long use does not entirely smooth.’ No cingula in one specimen, but 
in the type and second specimen there is a rather weak one on the external side. 
‘The mandibular condyle is entirely above the level of the molars in sp. No. 3. ‘The 
last inferior molar is not of reduced size. Ramms slender. 
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The femur of the second specimen is nearly perfect. The trochanters are well 
developed ; the great extending proximad to the head, and connected by a curved 
ridge with the less. Third trochanter superior in position, its superior part overlap- 
ping the line of the inferior part of the lesser. Head without fossa or notch liga- 
menti teris. Rotular face elevated, wide, with equal borders and slight concavity. 
Condyles well separated. 


Measurements of No. 2. MM. 

errs [mo Lei goriOt IN OlATISCLIOS saa tctste cele sii acs aia as.Ws o'ete the vie aleiee vice ebucite ok a's ease oe O43 
fs ss ees true) molars... 5. 2% Rao aR ELS a ta leieie lin sis sean Ea ete sic pieth ie ite eravete cele voted at sic 0205 

sf ss <f ss REN pOL IN Macaata at ae as Nar oa 1cr os haistote re cieiese «, Aelvie eiele vs ue oisistans 6 .007 

DETTE Ome ATI Sse Wine aemmtecs ma aia isisrels erercteheleaie’er sisters arevsle’e iors we Rete crepereoiersatvine site esysicins 015 

t « RTO Ce ete ote age i 4s bls Wa iv 5 Biss peda Es che v's dp wd-e se . 009 

Length of femur (greatest). ..... SiC OTE LOOKER TIE A Coop OCA OOLOOGD CCAS Berne soaker flils! 

Width at head... <....... 5 G00 oS C0GS 40 OOO ABD SS GUS eRe Cn OCONEE COC EOS OE tr oer nee 022 

SE ATIIO MIG Oe SisAih (CEUSNE) srete\sis cielo iaicmialolets eletuts sislelvie g ciciels'e'c's est a cisieiecc cee sisiss ee O11 

BREE ODO VLOS Mrtate ste eteictols sists pict aleisiots e) slate i>lateisie'siefolsia) sisi sleld ¥ </lel¢ tifa os sin's bin's ole ¥ssie'sielae'e « O17 


CHRIACUS STENOPS sp. nov. 


Four mandibular rami of three individuals represent this species. 'T'wo of the 
rami are entire to the base of the canine tooth. These show interspaces between the 
second and third and third and fourth premolars, not seen in such species as C. pelvi- 

_ dens aud C. schlosserianus. It resembles in this respect the C. baldwini, but differs 
from it in characters already mentioned, and in its superior size. ‘The internal cusp 
of the first inferior premolar is also much better developed. 

The anterior cusps of the true molars are more elevated than the posterior, but 
the difference is not so great as in some other species. The fifth is a prominent 
angle, nearly in line with the fourth, and connected with it by a crest. The heel has 
an external angular cusp with crescentic section, well distinguished from an internal 
curved border which is connected with a small median posterior angle. ‘This be- 
comes a prominent cusp in the third molar, which is of average size. Molars with an 
external cingulum. Enamel coarsely and obsoletely rugose in unused specimens. ‘The 
first premolar has a well-developed transverse heel, and anterior basal cusp. The 
second has the same, but of reduced proportions. 

In a specimen (No. 3) cleaned by weathering, the posterior border of the sym- 
physis is opposite the posterior border of the p. m. iii; the two mental foramina are 
below p. m. ii, and the space between p. m. iii and iy. 


Measurements No. 1. M. 

Length of dental series including canine........ sinjeleraie eje\asrem« Acnitiion Hoo COUR Gener, © OP . 055 
oe BePIMOMT AOTICS a cc\06 deascle ais rae TESE aceite < ak velteisinisivicceesere ss ALACODO .049 
“ «« true molar series ....... SR a OUD COG AOD GAO BOODLE Pees edt axcatt 084 


\ \ 
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Measurements No. 1. iM. 
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All the specimens: of this species are from the Upper Puerco. 


o 
CHRIACUS INVERSUS sp. NOV. 


The characters of this species are so well marked that I introduce it here, 
although the material representing it is slight, a portion of a single mandibular ramus 
which supports three premolars, and one true molar. The posterior part of a ramus 
accompanies this specimen and may belong to the same species. But of this there is 
doubt. 

The first premolar has a well-developed interior cusp, and a large heel. The lat- 
ter has an internal vertical, and an external oblique side, terminating in a cutting 
edge, the internal curving round the posterior border to meet the external. There is 
no anterior basal cusp, nor any cingulum. The second and third premolars are com- 
pressed, and have cutting edges before and behind. The second has the heel slightly 
transverse, and a mere trace of anterior basal lobe. The third is larger than the sec- 
ond and is more compressed. Externally its face is regularly convex, but internally 
its convexity is a vertical median rib, and in front of this the face is concave, thus 
maintaining the acuteness of the anterior cutting edge on wear. The heel is small 
and compressed ; anterior lobe none. The enamel of all the teeth is smooth, No 


cingula. a ce te ah cr 
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TRIISODON Cope. 


Amer. Naturalist, 1881, p. 667 ; Tertiary Vertebrata, 1885, p. 270. 


typical form. 
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TRIISODON BICULMINATUS sp. nov. 


Parts of the mandibular rami of two individuals indicate this species. One of 
these supports the first and second true molars, and the other the first true molar 
only. The character of the genus is seen in the great development of the external 
cusp of the heel, and the absence of an internal cusp, so that the heel appears to have 
one cusp with an oblique cutting edge, resembling in this respect Palwonyctis. The 
two principal anterior cusps are opposite each other and united for half their eleva- 
tion, and the internal is larger relatively than in the 7. quivirensis. The fifth cusp 
is low, forming a distinct tubercle in the first, molar only, and represented by the in- 
ternal angle of an anterior ledge in the second. The heels of both the molars have three 
small tubercles on the posterointernal border, which are not so much elevated as the 
corresponding ones in the 7. guivirensis. A weak external cingulum only. Enamel 
obsoletely coarsely rugose with minute tubercles. 


Measurements. M. 
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From the bottom of the Puerco beds. 


DISSACUS Cope. 
Amer. Naturalist, 1881, p. 1019 ; Tertiary Vertebrata, 1885, p. 344, 741. 


Numerous pieces of the skeleton associated with molar teeth which agree with 
those of the D. navajovius, throw much light on its characters, and on the position of 
_ the genus Dissacus. In the first place the zygapophyseal articulations of the lumbar 
vertebree are of the involute type common to all the Creodonta. This is also determinable 
from the specimen described by me in the Tertiary Vertebrata, p. 741. In the new 
skeleton the fragments of metapodials, probably metatarsals, furnish evidence of the 
existence of five digits, which distinguishes the genus from Mesonyx, where there are 
but four. The astragalus is especially interesting in its relation to that of Mesonyx. 
It has, as in that genus, a distinct cuboid facet, separated from that of the nayvicular 
by an angle, but the angle is not as well defined as in Mesonyx and Pachyena., 
The trochlea is very slightly concave, thus differing widely from that of the Meso- 
nychidx, and resembling that of other Creodonta. This bone therefore furnishes a 
clear guide to the phylogeny of the Mesonychidx. The two facets are well defined 
on the proximal extremity of the cuboid. Its distal extremity supports but one, a 
| A. P. S.— VOL. XVI. 2R. 
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concave facet. The tubercalcis, like the olecranon, is elongate. The coracoid is dis- 
tinct but short. The peduncle of the ilium-is wide. The odontoid process is rather 
long and cylindric. There is an entepicondylar foramen, as in Pachyeena. 


Dissacus NAVAJOVIUS Cope, loc. cit.; Tertiary Vertebrata, Pl. XXV c¢, fig. 1. 


The paradiapophysis of the atlas has the base extended throughout the vertebra 
anteroposteriorly, and the vertebrarterial can&l divides it anteroposteriorly, issuing 
at about the middle of the superior surface. The atlantal articular surfaces of the 
axis are distinct from those of the odontoid. The floor of the neural canal has a 
low median convex ridge, which extends to near the end of the superior side of the 
odontoid process, from which it is separated, as well as from the articular faces below, 
by a shallow groove. 

The glenoid cavity of the scapula is an oval, gradually acuminating to the 
narrow origin of the coracoid. The spine originates abruptly a little posterior to the 
middle line. In the humerus the entepicondyle is of moderate dimensions, much 
larger than in Mesonyx, but less prominent than in many other Creodonta. Outside 
the roller of the condyle there is a distinct border facet, rising to its external border, 
which is present in Mesonyx, but is wanting in Oxyena. The roller is distinctly 
convex. The internal flange is well developed. In the ulna, the olecranon is long, 
straight and compressed. Its inferior border is of uniform width from below the 
glenoid surface to the extremity, and is. but little in excess of that of the shaft fur- 
ther forwards. The posterior flange for the humerus is not present on the external 
side of the glenoid surface. The radial facet is not very oblique, and it is followed | 
distally on the external side by a deep groove, which runs out on the external side of ° 
the shaft. The latter is marked by a deep and wide longitudinal gutter on its inter- 
nal side, which is bounded by a narrow edge above, and a wide border below. It 
runs out on the inner side of the shaft proximally, opposite the middle of the external 
groove. This gutter is wider and deeper in this species than in any creodont known 
to me, excepting the Pachyena ossifraga. The head of the radius is a depr essed oval, 
with three articular surfaces; a median concave, and a narrower reflected bevel at 
each end, fitting corresponding faces of the humerus. The inferior ligamentous fossa 
is wide and shallow. | 

The femur is not preserved excepting the head, which shows a rather shallow fossa 
ligamenti teris, which is well separated from the border. The astragalar face of ‘the 
tibia is quite oblique, especially next to the fibular suture. The internal malleolus 
is large, vertical, truncate and furnished with a tuberosity in front of eee 
extremity. The articular surface is folded back over the anterior edge for rt 
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distance on the anterior face, to correspond with the fossa of the neck of the astra- 
galus. The astragalus is somewhat depressed, and is quite oblique to the vertical 
plane. The neck is of moderate length, and is depressed, and the navicular facet 
slopes at an angle of forty-five degrees when the astragalus rests on a plane surface. 
The long axis of the trochlea slopes at an angle of thirty degrees to the long axis 
of the entire bone, outwards and forwards. The posterior foramen is completely 
enclosed. The malleolar face is oblique, the fibular vertical. The articular surface 
of the trochlea is continued in an excavation of the neck to its middle, and is ter- 
minated by an acute recurved boundary. ‘This indicates ‘a foot frequently held at 
right angles to the leg, and a plantigrade walk. The obliquity of the astragalus, 
which fits the tibia perfectly, means that the hind legs diverged to the feet in a very 
obvious manner. If the caleaneum is placed on a plane surface this divergence is 
still greater, since the calcaneum is obliquely related to the astragalus, as the latter 
is to the tibia. The animal may haye, however, walked on the external edge of the 
foot. The sustentaculum is not very large as compared with the cuboid facet. The 
latter is trapezoid in outline, the four sides all unequal, being related as to length in 
the following order, beginning with the longest—inferior, superior external, superior 
internal, internal. When the astragalar facets are held in a horizontal plane, the long 
_ axis of this face is horizontal. In this position, the inferior surface of the caleaneum 
is a narrow obtuse ridge, bounded on the external side by a wide deep gutter. This _ 
is bounded above by an angular border of a narrow superior-external face, which 
widens posteriorly. The superior surface is an obtuse ridge. The internal surface is 
. undivided by groove or ridge and slopes outward below. The inferior ridge termi- 
nates in an acumination at the inferior border of the cuboid facet. In front of the 
astragalar facets, the superior face of the caleaneum has three longitudinal fosse 
separated by low ridges. The internal, which is in front of the sustentacular, is twice 
as large as any of the others. <A transverse section through the middle of the cuboid 
bone is irregularly triangular. The external face is smooth. On the inferior face the 
large tuberosity is flattened, and is subquadrate in outline. It is separated from the 
edge of the metatarsal facet by a groove which is, however, closed at both ends, indi- 
cating that it has not a pulley-like function for the usual tendon. On the intero- 
superior face we have proximally a smooth band for the navicular, and about the 
middle, an oval facet transversely placed for the ectocuneiform. The cuboid and 
navicular do not then present in different directions as they do in Oxyzena, but in the 
same direction, as in Mesonyx.* ‘The ectocuneiform is deeper than long, and longer 


- 


* Scott, On New and Little Known Creodonts, Jour. Phil. Acad., 1886, p. 163. 


cusps from the molar teeth. 
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than wide. The cuboid facet is continuous, at a right angle with the navicular facet. 
The metatarsal facet is simple, and is anteroposteriorly concave. There are two distal 
mesocuneiform facets, and one proximal which is turned down for a short distance in 
front. 

The Dissacus navajovius is a smaller species than any of the other Mesonychidz, 
and is especially interesting in view of the ancestral characters which it displays. 
It shows that the specialization of the extremities which has occurred in the Car- 
nivora has taken place in this line also, in the progressive digitigradism ; the reduction 
of the digits; the development of a trochlea of the ankle-joint; and the loss of 
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CONDYLARTHRA. 


Among the specimens which represent this suborder, some display portions of 
the temporary dentition. I have already described this in Periptychus, but have had 
no light on that of the other genera. 

A cranium and a separate set of jaws of Haploconus corniculatus display the 
last two temporary molars of the superior series. The third superior true molar is 
just protruding and the two temporary molars in question remain in place considerably 
worn. ‘The last temporary molar is scarcely distinguishable in all its details from the 
permanent true molars. ‘The penultimate deciduous premolar closely resembles in 
form and size the permanent first premolar, differing only in the presence of a small 
anterior basal cusplet. In a lower jaw of the Anzsonchus gillianus the deciduous last 
inferior premolar is in place with the crown of its successor below it, and in front of 
the latter is the crown of the penultimate permanent molar. The penultimate 
deciduous molaris wanting. The last deciduous molar resembles in every respect the 
first true molar. We have now in this kind of dental succession a state of affairs 
similar to that which I have described in the creodont genus Triisodon, and which is 
probably common to all Creodonta. The last deciduous molar in both jaws resem- 
bles exactly the true molars. Were this tooth not shed these animals would be like 


_ the Marsupialia in presenting the false appearance of four true molars. 


I have shown that in Ectoconus the deciduous premolars iv and iii have the pat- 
tern of the permanent true molars (Tert. Vert., Pl. X XIX d, fig. 4). The corre- 
sponding inferior deciduous teeth are also like the true molars, the penultimate with 
the fifth cusp more anterior in position. 

In the genus Protogonia I have observed that the last deciduous inferior pre- 
molar is rather more complex in its form than the first true molar. It possesses three 
distinct lobes arranged longitudinally, as in the Diplarthra, but the anterior lobe is 
not so well developed as in those animals. The specialization of this tooth has not 
progressed so far as it has in the Diplarthra, but a little more than in the Peripty- 
chide. This character may serve to distinguish the Phenacodontide from the Perip- 
tychidee. 

_ In Periptychus, as I have already shown, the last deciduous molar is more com- 
plex than the premolar which succeeds it, but is not quite so much so as a true molar. — 
It has also a rudiment of the third lobe anteriorly, indicating a step beyond Haplo- 
conus in anteroposterior enlargement, while it is a step behind in transverse devclop- 
ment. The three genera, considered together, display such a series of progressive 
modification of the last deciduous premolar, as to convince one of its possession of a 
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history of its own, and to confirm the Flowerian idea that the deciduous dentition is 
an addition to mammalian development, and not a survival of reptilian conditions. 
They also show that the proposition of the same author that the Marsupialia have 
four true molars is untenable, as I have previously claimed.: 

Fragments of skeletons of the smaller Periptychidz are not rare in my collec- 
tion. I have been unable so far to fix their species, and as they present no im- 
portant differences from the corresponding parts of Periptychus, I do not now 
describe them. 

The mandibular dentitions of the species of the smaller Periptychidz are very 
much alike, and they are with difficulty distinguished one from another. I give the 
following table to facilitate their determination. 

I. Anterior external cusp of true molars extended forwards, but not incurved. 
a. Premolars elongate and compressed. 
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IL. Anterior external cusp of true molars with anterior ridge directed inwards to a more or less developed fifth 
cusp. 
a. Premolars robust, with wide section. 
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The mandibular dentition of -Anisonchus coniferus is not sufficiently well known 
to be introduced into the table. 


HAPLOCONUS Cope. 


Amer. Naturalist, 1882, p. 417; Tertiary Vertebrata, 1885, p. 415. 


above, together with the inferior milk molars in the genus Anisonchus. It 
from these observations that the peculiar form of last and penultimate infe 


a 
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have already supposed (Tertiary Vertebrata), and that the inferior dentition repre- 
sented in my Plate X_ XV e, fig. 6, as the milk dentition of that species, is not such, but 
is the permanent dentition of the HZ. lineatus. The premolars in question are much 
worn, so that the absence of the last true molar is probably due to accident rather 
than to non-protrusion. A second specimen of the H. xiphodon confirms its char- 
acters. 

Additional specimens of the Anisonchus cophater show that it is referable to this 
genus. This, with the new ZH. corniculatus, increases the species of Haploconus 
to six. 


HAPLOCONUS CORNICULATUS Cope, sp. nov. ; 

Five more or less complete crania and a set of jaws represent this species. Its 
characters are to be seen in its peculiar superior molar teeth, and in its superior size. 

The species presents the general characters of the H. lineatus, especially as to 
the form of its first premolar, which has the internal cusp an elevated concentric cin- 
gulum, and its enamel vertically striated with shallow grooves. The anterior cingu- 
lum of the true molars however terminates at its interior extremity in an acute erect 
cusp which is wanting in the ZZ. léneatus, and the cusp of the posterior cingulum is 
isolated by a notch of the latter, which develops a second lower cusp immediately 
posterior to the first mentioned. This second posterior cusp is seen on the posterior 


molar of the 4. lineatus, but not on any of the others. The dimensions of the 7. 


corniculatus are constantly superior to those of the ZZ. lineatus, as the following meas- 
urements will show. ‘The lengths on the superior molar series to the canine tooth, in 
three specimens of each species, are as follows : 
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The skull is elongate and is narrow in the cerebral region. The sagittal crest is 
low, as is also the inion. The orbit is small and lateral. The canines are directed ver- 
tically downwards. : 
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The inferior dentition is similar to that of the H. lineatus, but is more robust. 


* 


HAPLOCONUS COPHATER Cope. Anisonchus cophater Cope; Proc, Amer. Philos. Soc., 1888, p. 321. 
This species, described from a fragment of a mandibular ramus, is now repre- 
sented by a large part of a second ramus supporting five teeth, and an anterior part 
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of a cranium with both series of superior molar teeth, lacking the anterior two pre- 
molar crowns. The only reason for associating the last specimen with the two others, 
is the identity in proportions and dimensions between them, and as the species differ 
widely in these respects from the others of the genus, the association is justified by 
our knowledge as far as it goes. 

The dental characters of the upper series are a diminutive of those of the #. 
entoconus. The internal cusp of the first premolar i is a well-developed cone. ‘The 
fourth or posterior cingular cusp of the true molars is conic, and is almost on the 
inner side of the third. The anterior cingulum is distinct and reaches the fourth 
tubercle. The external cingulum of the true molars is very strong, but is reduced 
to a trace on the first and second premolars. ‘The second external cusp of the last 
true molar is very rudimental, so that that tooth is narrower than the others, and than 
in the H. lineatus. There is a ledge at the anterior base of the first premolar. 

The infraorbital foramen issues above the posterior border of the anterior root of 
the second premolar. ‘The zygomatic ridge of the maxillary originates above the 
middle of the first true molar. The nasal bones are elongate. | : | 

In the mandibular dentition the first premolar is larger than any of the true 
molars, and has a well-developed heel. Its section is nearly a half circle in outline, 
the external face being convex. The true molars have a cia on the anterior 
half of the crown; the premolars none at all. es 
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ANISONCHUS Cope. 
Proc. Amer. Phil. Soc., 1881, p. 488 ; Tertiary Vertebrata, 1885, p. 408. 


ANISONCHUS MANDIBULARIS Cope; Amer. Naturalist, 1881, p. 831. Mioclenus mandibularis Cope ; Tertiary Verte- 
brata, 1885, p. 339. 

The discovery of a second specimen of this species, which includes nearly all of 
the dentition of both jaws, proves that the position I originally assigned it is the 
correct one. ‘The second superior premolar is like the first in having an internal cusp, 
whose base is, like that of the A. sectorius, concentric with the principal cusp of the 
crown. 

The great peculiarity of the species, which is displayed by all the specimens, is 
the relatively large size of the second inferior premolar. It exceeds the first in ante- 
roposterior extent, which is in turn longer than any of the true molars. The third 
premolar is also shorter than the second. The fourth premolar and canine are not 
preserved. ‘The fifth cusp is well developed on the first and second true molars, but 
is of reduced proportions on the third. The heel supports the two lateral and smaller 
median cusps usual in this group. On the third molar the laterals are compressed and 
the median has a posterior position. 

In the superior true molars the second exterior cusp of the third is well developed. 
The fourth cusp is situated well inwards, further than in A. sectorius, but not so far 
as in A. coniferus. There is a short anterior cingulum, which disappears before 
reaching the internal angle of the crown. External cingulum distinct. The second 
premolar is as large as the first, and both have a small anterior basal tubercle. En- 
amel surface smooth. Third premolar of reduced diameters. 
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HEMITHLAIUS Cope. 
Amer. Naturalist, 1882, p. 832. 7 
But two species of this genus are known to me, one of which has not been 
described. This is the HZ. apiculatus, and it shows such strong tendencies to Ani- 
sonchus that it is possible that the two genera will have to be combined. Both 
species of Hemithleus haye an internal cusp on the second superior premolar, as in 
Anisonchus. The position of the A. baldwini remains uncertain. 


Fig. 11. Fig. 12. 


Fig. 11. Hemithleus kowalevskianus, last five superior molars, $ natural size. Fig. 12. Protogonia puercensis, supe- 


v 


rior dentition, less fourth premolar, $ natural size. 


HEMITHLAUS APICULATUS Cope. Anisonchus wpiculatus Cope; Tertiary Vertebrata, 1885, Pl. XXV e, fig. 7. 


The mandibles of this species have been in my possession for a considerable 
time, and I have regarded them as indicating a small variety of the Anzsonchus séc- 
torius. But the discovery of the superior dental series shows that the species is 
quite distinct, and belongs between that animal and the Henuthleus kowalevskianus 
in its characters. 

As in the type of Hemithleus there are an anterior and a posterior cingula of 
the superior molars. The posterior cingulum is produced a little further inwards 
than the anterior, but-on the first true molar its border does not project further in- 
wards than the internal angle of the crown. In the second molar it projects a little 
further, while in the third it projects so distinctly beyond the third cusp as to resem- 
ble the condition seen in Anisonchus. The anterior edge of the eingulum: does not 
form a cusp, however, in either tooth, and for this reason I retain the species in the 
genus Hemithleus. External cingulum distinct. The internal cusps of the first and 
second premolars are intermediate in form between the concentric type of A. sectorius 
and the conic form of A. coniferus. The transverse diameter of the first premolar is 
a little greater than that of a uae Ht while the crown of the third bee is 
subtriangular in section. d pre 
molar. 
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the external anterior. The opposite cusps of the heel are well developed, but the 
posterior median is quite rudimental. The first and second premolars are larger than 
the molars, but not disproportionately so, and they have a characteristic form. The 
crown is wide at the principal cusp, but the heel is small and is at the inner side of 
its posterior face. There is an anterior cusp which is a little to the inner side of the 
middle line of the principal cusp, and which is distinct at a point much above the 
base of the crown, being marked off from the main cusp below by a shallow groove. 
A line passing through the long axis of the crown is an open sigmoid. The last true 
molar rises on the base of the coronoid process. Both the external side of the ramus 
and its inferior margin are gently convex. The anterior border of the masseteric 
fossa is distinct, but there is no inferior border. 


Measurements. ; M. 
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Jaws of eight individuals of this species have come into my possession. 


HEMITHLAUS KOWALEVSKIANUS Cope; Amer. Naturalist, 1882, p. 832; Tertiary Vertebrata, 1883, p. 405. 


A crushed cranium of this species shows some points previously unknown. ‘The 
sagittal crest is low and divides into the temporal crests, which diverge widely and 
rapidly to the postorbital angles. These are distinct, but not produced. The orbits 
are small, and have a partially upward direction. The infraorbital foramen opens 
above the anterior border of the second premolar. The latter tooth has a well-deyel- 
oped internal cusp. The palate is wide, but as 5 the skull has been crushed this width 
is probably exaggerated. 
In the inferior dentition this species may be readily distinguished by the very 
robust first and second premolars which are shorter and wider than in any other. 
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PERIPTYCHUS Cope. 


Amer. Naturalist, 1881, p. 337; Tertiary Vertebrata, 1885, p. 387. 
PERIPTycHUS coARcTATUs Cope ; Tertiary Vertebrata, Pl. XXIX d, explanation, and figs. 7-8; Amer. Naturalist, 
1884, p. 801, fig. 10. 

This, with the P. brabensis, is characteristic of the lower beds of the Puerco, as 
the P. rhabdodon is of the upper beds. It is not so abundant as either of the others, 
only five individuals having come into my possession. 

This species is of smaller size than the P. rhabdodon and the P. carinidens, 
and is especially distinguished from both; in that the cingulum of the inferior 
premolars is not continuous on the inner side of the crown, but is confined 
to the anterior and posterior bases, sometimes to the posterior base exclu- 
sively. The first and second premolars are larger than the true molars, and the latter 
diminish in size posteriorly. In the inferior molars the fifth cusp is present, and as 
in the premolars there are traces of external cingula. The grooved striation of the 
crowns is distinct. The characters which distinguish the species from the P. braben- 
sis are the following. The transverse diameter of the superior premolars is relatively 
much greater than in the P. rhabdodon and P. brabensis, and the true molars have a 
transversely compressed form. ‘There is a faint cingulum on the external base of the 
true molars and first premolar in both jaws, at which the grooves of the enamel ter- 
minate abruptly. This is wanting in the P. brabensis. The external faces of the supe- 
rior premolars are directed obliquely forwards and inwards, a character not seen in 
the P. brabensis. : 


Measurements of Superior Molars. MN. 


ANTPLOPOBLELIOL <s5 sieaep sole nes 6 sane Ripe seein ese aes sires 3 ak eee osasupaUlul 


Diameters p. m. i | 
traNSVersa’s ». 24 sctinepaataaee eta gue oeelee eee ee eee cee betecua coe .016 


} <e) | SNGETOPOSLEXION, «ig vias sisters picts wicleesisb is siereinis ete mtaraitres ie wees ale eam 011 
Diameters p. m. i : ; 
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anteroposterlOrs .oc-ass estes onsen sat sis 'aveiskamis eieietee ities -aiglaair teens oiatereeta -0095 


Diameters m. ii 
TLANSVOIRO seach eh cee eect eeehenecsa cduuec cobs seen tan eer cee ene OLE 


PERIPTYCHUS BRABENSIS sp. nov. 


Twenty individuals represent this species in my collections, nearly all of them 
consisting of jaws only. Of these four only present the dentition of both jaws; one 
exhibits nearly the entire dentition of both maxillary bones, and one the last tempo- 
rary molar of the lower jaw. ae 

This fpetik: is still smaller Fite he PB ee and differs from it in f 
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pointed out, in the smaller transverse diameter of the premolars, especially of 
the superior series, and in the absence of cingula on the external side of the 
premolars in both jaws. The inferior true molars also possess but traces of the 
cingula. The internal cingulum of the superior premolars is extensive, continuing 
round to the front and nearly to the external base of the first premolar. In the infe- 
rior premolars there is a short posterior heel, and on the first, a short anterior cingu- 
lum, which is however not always present. The infraorbital foramen issues above the 
front of the first premolar. 


Measurements. No. 1 type. UW. 
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Diameters p. m. i 
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Fuperion aniare No. 2. 
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From the Lower Puerco only. D. Baldwin. 


ECTOCONUS Cope. 


Amer. Naturalist, 1884, p. 795; Tertiary Vertebrata, 1885, Pl. XX XV. 


But one species, the LZ. ditrigonus Cope, is known. Excepting the brief notes 
contained in the above-mentioned publications the general characters of both genus 
and species remain undescribed. — 

In the superior dentition the first, second and third premolars possess one exter- 
nal and one internal cusps. In the inferior series the first and second have an internal 
cusp and a heel. The coracoid process is a robust recurved tuberosity. ‘The astra- 
galus is slightly convex anteroposteriorly, and slightly concave transversely. The 


rt iis 
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trochlea is not oblique to the axes of the bone. The head presents convex faces an- 
teriorly interiorly. ‘The anterior face is convex in every direction, and is continued 
to the external side. The internal face is not separated from the anterior along the 
superior border, but is separated below and distally by a strong notch. This interior 
facet indicates a large tibiale or “internal navicular,” a bone well known in Rodentia, 
and in Bathmodon among the Coryphodontidx. This faeet is larger than in Peripty- 
chus, and in the latter genus it is not cut off by a groove as in Ectoconus. The eal- 
caneum has a very long tuber. The astragaline facets are in a general horizontal 
plane, the internal (sustentaculum) small and a little concave; the external large, 
wide, and a little convex. No distinct fibular facet. The cuboid facet is large, and 
nearly anterior in presentation. ‘The cuboid has the usual tuberosity, and also a large 
distal facet. 

The foot was evidently entirely plantigrade and pentadactyle in this genus. 

In its dentition Ectoconus presents the most complex known form of the tritu- 
bercular type. 7 (yah 


EcroGonus DITRIGONUS Cope; Amer. Naturalist, 1884, p. 796, fig. 4. Periptychus ditrigonus Cope ; Tertiary Verte- 
brata, p. 404, PI. XXIII g, fig. 12. Conoryctes ditrigonus Cope ; Tertiary Vertebrata, 1885, Pl. XXIXd, explana- ~ 
tion, and figs. 2-6. 


Thirty-two individuals of this species have been sent me, all from the Lower 
Puerco beds. The most important of these include the teeth and all the dentigerous 
bones, excepting the premaxillaries, with fragments of humerus, scapula and tibia 
with calcaneum, astragalus and cuboid elements entire. Of another, the proximal 
parts of the astragalus and calecaneum are preserved with the beads of the first, a 
median, and the fifth metatarsals. 

The dentition has been described so far as the molars and superior incisors are 
concerned. The first and second true molars usually possess eight cusps, but occa- 
sionally there are nine, that is two external cingular cusps. The heels of the first 
and second inferior premolars are tubercular, and the external cingulum of the infe- 
rior true molars is well marked. The enamel is nearly smooth. . 

The external (fibula) side of the astragalus is a vertical facet. The internal face 
is nearly vertical. Beyond it a large depressed tuberosity projects a short distance 
inwards but not posteriorly. It bounds the sustentacular facet of the astragalus 
behind. This postsustentacular tuberosity is truncated inwards and downwards pos- 
teriorly. The sustentacular process of the caleaneum projects outwards and forwards 
in a subcircular rim beyond the smaller subround facet. The external facet forms 
about one-fifth of a circular band, the concavity being next the middle of the proxi- 
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mal end of the bone. Between it and the sustentacular facet is a ligamentous fossa 
In front of it the superior surface descends into a deep transverse notch which re- 
ceives a descending angular process of the astragalus which is broken from my 
specimens. In other words the superior border of the cuboid facet rises upwards 
abruptly in front of this depression. ‘This facet is quite large and narrows to an apex 
inwards, where it terminates at a small vertical tuberosity. Inferior to this apex is a 
subtriangular fossa, which is bounded externally by another tuberosity. A large 
longitudinal tuberosity supports the external border of the cuboid facet on the in- 
ferior side. | 

The skull fragments show that this species differed from all of the known Perip- 
tychidz in having a very high and robust sagittal crest. 

Three vertebrae of the specimen described are preserved, the axis, a lumbar and 
two caudals; all without arches. The axis is about as long as the lumbar, omitting 
the odontoid process. The latter is rather short and is depressed, the section being a 
transverse oval. Its articular surface is continuous with the atlantal facets. Body 
with a median inferior keel. The lumbar is short, but exceeds the axis in transverse 
_diameter. ‘The articular faces are subplane, while the sides of the centrum are con- 
cave, and not keeled at any point. ‘Two strong foramina perforate the floor of the 

neural canal. The bodies of the caudals are depressed and a little longer than wide. 
One of them has a median keel-angle below. Other specimens show more distal 
caudals of elongate form, showing that this species had a long tail like the Phena- 
- codus primevus. 


Measurements of sp. No. 1. M. 
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> Measurements of sp. No. 1. M. 
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ous fossa at the fundus, and the usual ischiadic notch and groove. The pubis is 
slender. The ischium is flat, and the tuberosity is a convexity of the posterior edge 
which terminates in a little angular contraction, forming a “spine.” 

The fossa ligamenti teris of the femur is a fissure which runs out to the margin 
of the head. The trochanters are large; the third moderately prominent, and partly 
opposite to the lesser trochanter. The rotular groove is wide and elevated, and its 
borders are equal. The external condyle is narrower than the internal. On the 
whole the femur is a good deal like that of the Periptychus rhabdodon. 


PROTOGONIA Cope. 


Proc. Amer. Phil. Soc., 1881, p. 492; Tertiary Vertebrata, 1885, p. 424. Phenacodus pt. Cope ; loc, cit,, 1881, p. 492 ; 
1885, p. 488. 

This genus was originally distinguished from Phenacodus_by the presence of 
but one external tubercle on the first superior premolar, since there are two in Phen- 
acodus. Additional specimens show that the second external tubercle of the P. puer- 
censis is normally rudimental, so that that species may be properly referred to Proto- 
gonia. It is further distinguished from Phenacodus by the presence of but one 
external cusp on the second superior premolar, in which it agrees again with the spe- 
cies referred to Protegonia. The latter genus thus defined embraces five species 
_ which differ as follows: 


I. Fifth cusp present on inferior true molars. 
Last four inferior molars, .025 ; internal cusp on inferior p. m. i, rudimental...........esecerecccesecees P. euniensis. 
Last four inferior molars, .030 ; internal CUA OLHLENIOU I. Ole LwlSEL Gwe ccacncccwcc ccs sseene Newent act es P. plicifera. 
Il. Fifth cusp wanting from inferior molars, except sometimes m. i. 
First superior premolar with rudimental second external cusp ; inferior true molars, .026 ; last robust premolars with 


Ho; Ortubercular heels .....0.50ccccece SOR ate ietatctataretetateie ise o]aie ets cs siciais\a oV eek nip ieine’s' sis)e: bie s 10S oe P. puercensis. 
Inferior true molars, .026; last small; premolars with wide, flat, smooth heels...........0+eseeeeeeceee .P. calceolata. 
As may be seen from the catalogue of species, the material representing this 
genus is quite abundant. This is true only of jaws and teeth, for identifiable parts 
of skeletons are yet very rare. A very much damaged cranium of the P. puercensis 
displays nearly all the dentition, the incisors and the fourth premolar being absent. 
The first and second premolars only have internal cusps. In the superior canines 
the vertical direction is the same as is seen in Haploconus sp. 

The fifth cusp is wanting from the last inferior true molar in the P. plicifera, 
and is in a few specimens absent from the second also. Specific difference cannot be 
predicated on the presence or absence of this cusp, although in more specialized types, 
its variations are of generic importance. The premolars of the lower series are spaced 
in the P. plicifera, while they are in close succession in the P. puercensis. 
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AMBLYPODA. 
PANTOLAMBDA Cope. 


Amer. Naturalist, 1882, p. 418; Tertiary Vertebrata, 1885, p. 601. 


Additional material belonging to the two known species of this genus, throw 
light on points of structure hitherto unknown. 

As regards the dentition, the superior premolars are identical with those of 
Coryphodon. 

In the anterior foot the cuneiform has the general character of that of Corypho- 
don. The pisiform facet is wider, thus approaching the unguiculate types of the same 
epoch. 

In the posterior foot the cuboid of the P. cavirictus differs from that of 
any of the Coryphodontide which I haye seen in the greater mutual obliquity 
of the two proximal facets. That for the astragalus is a wide concave fossa; 
that for the calcaneum. is a hook-shaped band, the convexity proximad, and 
the longer arm, or stem, of the hook anterior, and the shorter posterior to 
a ligamentous fossa. The anterior band-like facet. turns transversely distally. The — 
position of the cuboid is oblique in the foot, giving the digits’ which arise from it a 
divergent direction externally. The astragalus of this species closely resembles that 
of P. bathmodon. ‘The ectocuneiform is much like that of. Coryphodon, but is not so 
depressed, the anterior face being square. The mesocuneiform has only two-thirds 
the longitudinal depth in front. The entocuneiform is narrower transversely than in 
Coryphodon, and approaches the form of some of the unguiculates. It indicates a 
smaller internal digit than in Coryphodon. The above-described bones all belong to 
one individual. - | 


EXPLANATION OF PLATES. 


PLATE IV. 
Hemiganus otariidens Cope, natural size. 
Fig. 1. Part of maxillary bone displaying canine and two preniol teeth, with ? lachrymal foramen at a; and with — 
part of premaxillary bone. 
Fig. 2. Left ramus of mandible from left side. The ?canine was found separate, and is drawn in; a, same on 
‘ above, canine omitted. 
Fig. 3. Parts of pariétal and frontal bones from above ; a, temporal ridge. 
Right frontal and part of pariétal bone, the sutural surface showing olfactory foss on inferior face. 
Left inferior ? canine tooth represented in fig. 2, from front ; a, from behind. 
Inferior premolar tooth free from alveolus, from front ; a, from inner side ; 8, from above. - 
First inferior molar of right side, external view. 
Atlas, left half, from left side ; a, from behind. 
Fig. 9. Axis from above ; a, from right side. ; = a 
Fig. 10. Cervical vertebra without epiphyses ; a, from below. . 
' Figs. 11-12. Cervical vertebra ; a, from below. 'Y 
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PLATE V. 


Figs. 1-6. Hemiganus otartidens, parts of specimen figured on preceding plate, natural size. 
Ulna of right side, from within ; a, from above. 
Proximal extremity of radius from below ; a, proximal view. 

Fig. Left femur, proximal half, from behind ; a, external view. 

Fig. Distal half of right tibia, from front ; a, from external side ; 6, distal extremity. 


Fig. 1 
2 
3 
f 
Fig. 5. Metacarpus of pollex, externoanterior view ; @, internal view ; b, edge view. 
6 
ti 
8 


Fig. 


Fig. Metapodial, from side; a, from front ; }, from behind. 

Fig. Ungual phalange, side view ; a, proximal extremity ; 0, from above; c, from below. 

Fig. 8. Onychodectes tisonensis Cope; maxillary bone of right side, with four molars, from below, # natural size ; typi- 
cal specimen ; a, the same from the palatal side. 
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ADDENDUM. 
On page 311 it is stated that in the genus Hemiganus ‘‘there are probably but two true molars.’’ Further 
cleaning of the specimen shows that there are three true molars, as represented in Plate IV, fig. 2 a. 
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ARTICLE VI. 


ON THE SHOULDER-GIRDLE AND EXTREMITIES OF ERYOPS. 


BY E. D. COPE. 


Read before the American Philosophical Society, January 20, 1888. 


Our knowledge of the genus Eryops, which is one of the most abundant types 
of the Rhachitomous Batrachia, extends to the skull in general, the vertebral column, 
the pelvis, humerus, femur, and tibia.* The shoulder-girdle, fore foot, and hind foot 
are unknown, although the hind foot of a species from the coal measures provisionally 
referred to this genus has been described.+ In the present paper I can deseribe the 
missing parts from a skeleton found with skull of the Zryops megacephalus, which 
was obtained in Texas, in the Permian beds, by that indefatigable and skillful col- 
lector, Jacob Boll. oi 

- The shoulder-girdle embraces scapula, coracoid, preecoracoid, clavate anes epi- 
sternum. The scapula is flat and elongate; its superior portion is rather thin, and gradu- 
ally expanded and rounded like the end of a boat’s oar. Below it passes directly into the 
coracoid and preecoracoid, the suture becoming obliterated early. The preecoracoid is. 
larger than the coracoid, is convex downwards, while the coracoid is convex upwards. 
This leaves a fossa at their line of junction on both surfaces, and through this the cora- ; 

coid foramen is pierced. The posterior border of the coracoid is regularly conve 
is not notched as in pee Pemeosanrs ian Theromora.{ The internal and anit i 


* Proc, Amer. Philos. Soc., 1880, p. 52. ' 
+ Trans. Amer. Philos. Soc., 1886, p. 289. 
{ Theromora is substituted for Theromorpha, a name which had been previously used. oh eae 
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backwards, in the form of a band, and it does not extend so far on the scapula as is 
usual with Reptilia, and terminates in a rather abrupt flat apex. The inferior 
portion becomes horizontal and is directed forwards at an open angle, meeting its fel- 
low on the middle line. This portion expands a little, presenting a thin edge poste- 
riorly, and an oblique truncation inwards and forwards with grooved and _ finely 
digitate edge, at the distal end. The clavicles underlap the episternum. The latter 
is a flat discoidal bone rather wider than long, with a regularly convex, thin posterior 
edge. The lateral portions are overlapped by the precoracoids. The anterior border 
is coarsely toothed, as though for the attachment of an omosternum. Of true 
sternum I do not observe any trace of sternum. 

The differences between the shoulder-girdles of Eryops and of Actinodon 
(Gaudry) are considerable. The latter has been described and figured by Professor 
Gaudry, and I have had, through his kindness, the opportunity of examining the 
typical specimen. An obvious difference is that the latter genus, as in many Stego- 
cephali, has the episternum and proximal parts of the clavicles sculptured on the 
inferior (external) face, with exostosis, which occupies the true skin. The clavicle 
articulates externally with a slender bone, which is regarded by Gaudry as clavicle. 
-It occupies the position of the anterior thickened portion of the scapula in Eryops. 
What its true homology is is not clear to me, but it is in the position of the epicla- 
-yicle of the fishes. The scapula is coiissified with the precoracoid. ‘The true cora- 
coid is very small, less even than in Eryops. An easily observed peculiarity of 
Actinodon is that the episternum is longitudinal diamond-shaped, as in Stegocephali 
generally. 

The shoulder-girdle of Cricotus is in my collection, but is so difficult to extri- 
cate from the matrix that its characters are not all clear. The clavicles are expanded 
inwards over the edges of the episternum as in Actinodon, and more widely than in 
Hryops, and the expanded surface is sculptured as in that genus. The slender part 
of the clavicle is strongly curved upwards, as in Actinodon. The episternum is also 
produced posteriorly as in Actinodon. | 

As compared with the Pelycosaurian reptiles, the shoulder-girdle of Eryops and 
its allies shows several important points of resemblance, some of which I have already 
described. Such are the small coracoid and large preecoracoid, both coissified with 
the scapula in adults. The episternum in Dimetrodon at least, differs in its long nar- 
row posterior prolongation, as in Lacertilia.* The clavicles have not been described 
in Clepsydropide, although they have been in Diadectide.; In the latter the clavi- 


* Transactions Amer. Phil. Soc., 1886, p. 292, Pl. III, fig. 5, where I inadvertently called it sternum. 
+ Proc. Amer. Phil. Soc., 1883, p. 635. 
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cles are narrow, and expand but little at their contact with the episternum. They 
form a symphysis behind and below the episternum, which has an exclusively anterior 
and superior exposure. ‘The latter is wedge-shaped in longitudinal section, thinning 
out rapidly posteriorly, where it is not produced on the middle line as in the Clepsy- — 
dropide. 

In Dimetrodon the form of the clavicle is similar to that of Cricotus. That is 
the inferior portion is bent inwards at right angles to the vertical portion, and is 
greatly expanded in the anterior direction. Its inner margin is finely digitate by the 
production of numerous radiating ridges. This portion of the shoulder-girdle projects 
forwards in the manner of the so-called epiplastral bone of the plastron of the Testu- 
dinata. With the episternum in place this part of the shoulder-girdle of Dimetro- 
don resembles the anterior lobe of the plastron of a tortoise. A narrowing of the 
preecoracoid and scapula, and an elongation of the coracoid, would give the Testu- 
dinate shoulder-girdle. Such a change in some unknown member of the Theromor- 
ous order, together with modifications of the abdominal costoids, has given origin 
to the order Testudinata. 

The anterior leg of Eryops is short, and very robust. The anterior foot has the 
character, entirely exceptional in the Batrachia, of having five digits. ‘The humerus 
has been already partially described.* It. resembles very nearly that described by 
Professor Gaudry to his Huchirosaurus rochei.+ It is short and very robust, and the 
extremities are greatly expanded and almost at right angles to each other. The 
proximal extremity with its band-like articular surface, is strongly decurved antero- 
exteriorly, ending in a strong protuberance. The distal end has an enormous plate- 
like expansion of the internal epicondyle, greater than that exhibited by 
Euchirosaurus rochet. The condyle is subglobular and large, and the external 
epicondyle is partly posterior to it. This epicondyle forms a process flat- 
tened on the posterior face, which is continued upwards into the shaft 
of the humerus, and is bounded below by a semicircular sharp edge. On the external 
border of the shaft above the notch between the condyle and the external epicondyle, 
is a short, obtuse, vertically compressed process directed at right angles to the shaft. 
A similar process exists in Huchirosaurus rochei (Gaudry). 

The ulna has little or no olecranon, and has a strong glenoid cavity on the supe- 
rior aspect for the condyle of the humerus. It resembles much that of a pelyco- 
saurian. The shaft is slender, and the distal extremity is not expanded. At the 
latter place the superior face is flat, and the inferior.is convex. The radius is a short 
*Proc. Amer, Phil. Soc., 1880, p. 54. ’ o 3 =) ae 
t Enchainements du Monde Animal; Fossiles primaires, 1883, p. 277. eS 
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robust element, with both extremities expanded, the distal much more so than the 
proximal. The latter is truncated, with a wide oval outline, and rests, as in land ver- 
tebrates generally, on the coronoid process of the ulna. The shaft is suboval in 
section, and is much stouter than that of the ulna. The distal end is convex and 
is horizontally expanded so as to rest on three carpal elements: radiale, centrale 1, 
and intermedium. Its inferior face is flat distally, and the distal outline is openly 
angulate with subequal faces; one principally for the radiale, and the other principally 
for the intermedium. 

The carpus consists of ten, possibly of eleven elements. Four of these are in the 
proximal row, viz., radiale, centrale, intermedium and ulnare. The second row con- 
sists of five carpalia. Between the two rows is centrale 2, which appears to have a 
small centrale 3 separated from its external end, but on the palmar face, the distinc- 
tion is not clear. The carpals are, in the order of size, as follows: ulnare, centrale 1, 
centrale 2, radiale, carpale 5, intermedium, carpale 2, carpalia 1,4 and 3. The meta- 
carpals are flattened, with the extremities truncate and expanded; the proximal the 
wider ; the distal without indication of condyles. The third and fourth are twice as 
long as wide distally, and the first is as wide as long. The fourth digit is the only 
one in the specimen in which the phalanges are preserved. There are three of them, 
the ungual very small and subconic in form, the inferior face flatter than the superior. 
The two other phalanges are about as wide as long. 

Measurements. MM. 
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This carpus and fore foot is noteworthy from the presence of five digits, an un- 
usual character in the class Batrachia. The genus Archegosaurus has but four, 
although according to Baur* there are five carpalia. In the presence of two centralia, 
Eryops agrees with occasional specimens of both Cryptobranchus allegheniensis and 
Megalobatrachus japonicus (Wiedersheim). If three centralia are present, the resem- 
blance to Archegosaurus decheni is greater, where, according to Baur, there are four. 

The posterior foot found at the same time and place as, and having appropriate _ 
proportions to, the parts already described, is not so well preserved. The distal ele- 
ments of the leg have subequal widths, but they are folded back to back so that one 
of them has lost its tarsal connections. One of them, perhaps the tibia, remains 
articulated to two proximal tarsals, probably tibiale and intermedium. The approxi- 
mated surfaces of these bones are very thick, as is the internal face of the tibiale. 
The external face of the intermedium is, on the contrary, thinned out. The tibiale is 
characterized by the presence of a round, flat, discoid tuberosity on its ? posterior 
face, which resembles the disc of a button. Distad from the tibiale is a large trans- 
verse centrale, in the position of the Pelycosaurian and Mammalian navicular. It 
articulates with the distal extremities of the intermedium as well. Its distal face 
articulates with two tarsalia, which are somewhat displaced in the specimen. The 
remainder of the foot is in two separate pieces, which represent probably parts of 
both posterior feet. In one of these I count five metatarsal bones very much dis- 


- placed. T'wo of them are of rather small size. In the other block is a series of four 


consecutive phalanges, all wider than long. The distal one is quite small, but the 
ungual is not present. 

Two small tarsi from opposite sides of perhaps the same individual were found 
mixed with the bones of the lar ger animal. They belong to an allied form. The 
tibiale has the same button-like disc on one of its faces, and it articulates distally 
with a navicular-centrale. The ? intermedium is a shorter bone and unites with a 
single element, which may represent a centrale 2, or a cuboid. It appears to articu- 
late distally with two elements, though the matrix does not let it be determined 
whether the lines observed are sutures or fractures. And it is not certain whether 
the two supposed elements are tarsalia or proximal ends of metatarsalia, There is, 
as in the larger tarsus, no indication of an exterior or fibular series of tarsals. ‘The 
bone referred to as possibly cuboid, rises on the external side of the level of the | 
proximal face of the intermedium, and may be therefore a fibulare, which presents 
very little proximal facet. This tarsus strongly suggests the presence of but four 
digits. ; 


* Beitriige z. Morphogenie d. Carpus u. Tarsus d. Vertebraten, 1887, i, p. 53. 
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Measurements of Posterior Foot. . MN. 
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EXPLANATION OF PLATE. 


Fig. 1. ‘Left anterior limb of Hryops megacephalus from above; Ja, the same from below. 

Fig. 2. Portion of right posterior leg and foot of the same, from front. 

Fig. 3. Tarsus of a small species allied to Eryops, from behind. 

Fig. 4. Shoulder-girdle of Hryops megacephalus from above ; 4a, the same from below. 

All the above figures two fifths natural size, except Fig. 3, which is one-half. : 

U, Ulnare; JZ intermedium; R, radiale; C, centrale1; C2, centrale2; VF, fibulare; CN, centrale naviculare ; 
B, button-like tuberosity ; Zi, tibia ; /%, fibula; 7-4, carpalia and tarsalia; L-V, metapodials. 


ARTICLE VII. 


THE CRETACEOUS AND TERTIARY GHOLOGY OF THE SERGIPB- 
ALAGOAS BASIN OF BRAZIL. 


BY JOHN C. BRANNER, Pu.D., 
PROFESSOR OF GEOLOGY IN THE UNIVERSITY OF INDIANA, 


STATE GEOLOGIST OF ARKANSAS, FORMERLY ASSISTANT GEOLOGIST OF THE IMPERIAL GEOLOGICAL SURVEY OF BRAZIL. 


Read before the American Philosophical Society, September 7, 1888. 


PART I. 
Prefatory Notes. 


In the years 1875 and 1876, while assistant geologist on the Imperial Geological 
Survey of Brazil (“ A Commissio Geologica do Imperio do Brazil”), I spent several 
months in examining the geology of the provinces of Pernambuco, Alagéas and Ser- 
gipe. The work done was but little more than a hasty reconnoissance, made without 
any maps whatever, even of the rudest kind, and without either time, instruments or 
appropriation for making them. 

I cannot therefore refrain from expressing my reticence in regard to publishing 
what little I know concerning the geology of the region treated of in the present 
paper. Although the work of the Imperial Survey in the region was all that could 
have been accomplished in the time occupied, and though it was much more extensive 
than any done prior to my visit, it was far from satisfactory. 

Three other reasons have caused this delay in the publication of my observations. 
First, I hoped that the Brazilian Government would see fit to have the results of the 
Survey’s work published more in detail than is possible here. ‘This has not only 
never been done, but until the,publication by that government of Dr. C. A. White’s 
important “Contributions to the Paleontology of Brazil” none of the results have 
been brought out, except as the former members haye found time to prepare brief 

_ papers and publish them wherever an opportunity offered. Even in the case of Dr. 
A. P. 8.—VOL. XVI. 2U. 


370 THE CRETACEOUS AND TERTIARY GEOLOGY 


White’s paper, the delay in its printing was very tedious, the report having been 
issued four years after the manuscripts and drawings were prepared. Second, I have 
delayed on account of the incompleteness of my observations, and because of my 
hesitation lest I should add to that class of writings upon Brazilian geology which is 
made up, to so great an extent, of generalizations based upon very limited observa- 
tions. A third reason for delay has been the somewhat vague hope that I might yet 
have an opportunity of completing my studies. -As time goes on, however, the proba- 
bility of my being able to revisit the provinces of Sergipe and Alagéas appears to 
lessen rather than increase. Since my exploration in those provinces I have returned 
to Brazil three times, but as Aracaji and Penedo are small ports off the principal 
lines of travel, visited only by sailing vessels and small coasting steamers from Bahia 
or Pernambuco, I have never found it possible to make further examination of the 
geology of this interesting region. It is hoped, however, that these notes may 
be of service to those who may hereafter undertake to add to or finish the work 
begun. 

“Much of this paper must be of a statistical nature, for the relation of facts to 
each other, except in a general way, is not understood, and I do not deem it necessary 
or discreet to enter upon the discussion of these relations in detail until more thorough 
information is had of the region in question. 

The sketch map accompanying this paper makes little pretension to accuracy 
and is only introduced for the purpose of giving some idea of the geography of the 
region under discussion. 

The defects of the records are quite evident to myself, but in spite of such de- 
fects, [ am confident that the facts presented will be useful to those who may here- 
after have occasion to do work in this region. As far as I am aware, no geological 
work has been done here since 1876, if I except the trip made up the Rio Sao Fran- 
cisco by Mr. Derby, the geologic results of which were published in the Archivos do 
Museu Nacional, Vol. IV, p. 87 et seq., but this paper, while it treats somewhat of 
the mesozoic geology of the region, does not appear to represent any new work ~ 
thereon. What I have to say in this paper is upon my own authority, except where 
others are quoted and credit given. ; 

I should be remiss in a most pleasant duty did I not refer here to the universal 
encouragement which the naturalist, traveler, or stranger meets at the hands of 
Brazilians in all parts of that country, and especially in the provinces of Sergipe and . 
Alagéas. The poorest laborer kindly and politely urges you to “make no ‘ceremony a 
about sharing zie humble sare while the richest enue es assures you and 1 lakes 
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obligations to Robert Brown, Esq., H. B. M.’s Consul at Maroim, for assistance in the 
prosecution of my work in the province of Sergipe. 


OUTLINES OF THE BRAZILIAN CRETACEOUS. 


That the relations of the Sergipe-Alagéas basin to the other more or less similar 
deposits of the Brazilian coast may be better understood, I give here briefly the 
prominent features of the cretaceous geology of the several basins along the coast as 
far as they are known. 

I use the term “ basin,” however, in speaking of the geology of the provinces of 
Sergipe and Alagéas partly to separate the locality geographically from others of a 
more or less similar character north and south, and partly because it seems to have 
been one of the separate wide-mouthed bays or indentations—mere curves of the 
shore line—which characterized this coast in cretaceous times. 

The exposures of mesozoic rocks along and near the Brazilian coast point to the 
probability that this portion of the coast line of the Atlantic was, during cretaceous 
times, but slightly different from that of the present day. 

The accompanying small map of Brazil will give an idea of the geographical 
relations of the known eretaceous exposures to each other, and will suggest, at the 
- same time, the form of the coast at the time of their deposition. 

The most southerly exposures of cretaceous rocks thus far discovered in Brazil 
are upon the island of Sado Francisco in the province of Sta. Catherina. Others 
occur along the coast at the Abrolhos, at Bahia, throughout the extension of the 
Sergipe-Alagéas basin from Estancia to Rio Formozo in the province of Pernambuco, 
at Olinda, Maria Farinha and on the island of Itamarica in the province of Pernam- 
buco, at Parabyha in the province of this name, on the Rio Mossoro in Rio Grande do 
Norte, and about Crato in Ceara, while the most northerly exposure known along 
the coast is found on Rio Piabas, province of Para. More detailed descriptions of 
these several basins and localities will be given at the end of the description and dis- 


cussion of the Sergipe-Alagéas basin. 


PREVIOUS WORK. 


A glance at the annoted bibliography of the subject given at the end of this 
paper will show that almost no’work was done on the geology of the Sergipe-Alagéas 
basin prior to 1875. 

In 1838, George Gardner, the English botanist, during a short voyage on the 
Sao Francisco made in pursuit of his botanical studies, made a few notes upon the 
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geology of the region. These notes, however, were so few as not to be worth men- 
tioning, except for the fact that he afterwards made some valuable observations upon 
the mesozoic geology of Ceara, and expressed the opinion that the Penedo sandstones 
were “identical with those from the upper sandstones of Crato.” 

Charles Darwin, in his “ Observations,” makes references to the mesozoic geology 
of Pernambuco and Bahia, but he did not visit the coast between those places. 

In 1866, Prof. Ch. Fred. Hartt touched at Aracaji, Maroim, and Penedo, and 
gives the results of his observations in his “ Geology and Physical Geography of 
Brazil.” He obtained a small collection of fossils at Maroim, but one of sufficient 
importance to throw light upon the age of the rocks. He noted exposures at Sapu- 
cary (by him called Sapucahy), Maroim, and through Mr. Laué, who then lived at 
Maroim, obtained specimens of Watica. The cephalopods of this collection were 
described by Prof. Alpheus Hyatt, and the descriptions published in Hartt’s “ Geol- 
ogy and Physical Geography of Brazil,” p. 885. No explorations, whatever, had 
been carried on inland, or even along the navigable parts of the streams. The facts 
brought out in regard to the Sergipe-Alagéas region by Hartt are substantially as 
follows : 

First. Reporting the following exposures: Estancia red sandstones, and the 
limestones of Sio Gongalo, Sapucary, Maroim, Villa Nova, Penedo, Morro de Chaves. 

Second. Reference of the Maroim beds to the upper cretaceous, it is presumed, 
upon the paleontologic evidence of Prof. Hyatt’s descriptions of the cephalopods. 
The descriptions of these fossils is the only work known to have been done upon the 
fossils of the region up to that time. Prof. Hyatt in his paper expressed no opinion 
concerning the age of the beds, but what appear to be Hartt’s field labels are given 
as “from the cretaceous of Maroim.” Such was our knowledge of the geology of 
the region here treated of when the writer visited it as a member of the Commissao 
Geologica do Brazil in 1876. | 


THE GEOLOGIC IMPORTANCE OF THE SERGIPE-ALAGOAS REGION. 


Much of the Brazilian coast is very old geologically, no sedimentary beds to in- 
dicate the changes through which this part of the continent has passed intervening 
between the ocean and the granites and gneisses which are referred to the archzean. 
Along a considerable portion of the north-eastern coast, especially from Cape Sto. 
Agostinho to Parahyba do Norte, soft sedimentary beds, provisionally referred to the 
tertiary, are exposed here and there in abrupt bluffs which are being cut away by the 
ocean, These rocks, however, although well exposed, have as yet yielded no fossils, 
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and do not, of themselves, throw much light upon the changes through which the 
coast has passed. Nowhere along the Brazilian coast from the frontier of Uruguay 
to Cape North are any fossiliferous paleozoic beds exposed, and there are but few 
places in which a section from the ocean to the archzan rocks would pass through 
anything more than recent deposits and the horizontal tertiary beds referred to above. 

In no place along the whole coast, however, can a wider and deeper section 
be found, or one in which the rocks afford a more complete history of the 
changes through which this part of the continent has passed from paleozoic times 
up to the present than the basin cut by the Rios Sao Francisco and Sergipe, and 
which lies within the two provinces of Sergipe and Alagoas. The importance of this 
region is due to 

1. The representation of a geologic range unusual in Brazil. 

2. The rich fossiliferous nature of many of the beds. 

3. The accessibility of good exposure across the entire section. 

Doubtless one of the chief reasons that these two provinces are not better known 
geologically, is the fact that they are not on the principal line of travel between Eu- 
rope and South America, and are, therefore, more or less inaccessible, and if the geo- 
logical importance of the region has not been recognized, it must be attributed to the 
fact that hitherto nothing, or next to nothing, has been known of it. 

With the exception of a canoe voyage by Gardner along the Rio Sao Francisco 
to Piranhas in 1837, and a very brief visit to Maroim by Prof. Hartt in the year 
1865, none of the writers upon the geology of Brazil, prior to the work done by the 
Imperial Geological Survey, ever visited the Sergipe-Alagéas region, and even those 
few earlier writers have but little to say of the geology of this section of the country. 

I am of the opinion that the key to future successful geologic work in Brazil 
lies in the careful study and comprehension of some such typical region as that com- 
prised in the provinces of Sergipe and Alagéas. The Bahia basin is an interesting 
one, and, as Dr. White has pointed out in his recently published “ Contributions to 
the Paleontology of Brazil,” faunally more interesting perhaps than that of Sergipe- 
Alagéas, but the Bahia basin being of lacustrine origin is sw? generis, as far as the 
mesozoic geology of Brazil is understood.* The Sergipe-Alagéas beds on the other 
hand are marine, the rocks above the archzan vary lithologically and faunally, and 
are more or less exposed across the whole width of the region from the ocean to their 
inland margins at the base of the Serra d’Itabaiana, while at this latter locality, the 
lowest of the sedimentary beds are well exposed where the serra is cut through 


* Pissis, in his memoir published by the French Academy, p. 402, says that the tertiary beds of the interior of 
Brazil, and lying between the coast range and the Serra de Mantiqueira, are lacustrine. ; 
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by the Rio Sergipe, and their relations to each other and to the underlying archeean 
rocks are distinctly shown. 

Aside from its purely geologic interest and importance, there is, perhaps, no part 
of the coast north of Bahia so fertile, the soil being of the black quality known here 
as massapé and derived from the decomposition of certain limestones and of organic 
matter. Wherever the tertiary beds have been eroded away exposing the underlying 
cretaceous rocks, the decaying of these calcareous beds has produced a soil, which, in 
spite of indifferent cultivation, yields abundant crops of sugar-cane, cotton, mandioca, 
ete. Although the cane-fields upon some of the cretaceous soils have not been re- 
planted for thirty years, they still produce abundantly. 


TOPOGRAPHIC FEATURES AND VEGETATION. 


The topography of the Sergipe-Alagdéas region may be divided into the following 

five types: 
I. The low, flat lands of quaternary and recent origin, immediately borden 
the coast and streams. 
It. The tertiary plateaux. 
III. The cretaceons hills. 
IV. The serras, or paleozoic region. 
V. The trans-serra, or archzan region. 

I. The low, flat lands.—In some places these flat lands are made up of sand bar- 
rens, or they are covered with sand dunes; in others they are low grounds flooded at 
high tide, and usually form what are known as mangues, or mangrove swamps, bor- 
dering the estuaries. This type, or rather the mangrove part of it, is not confined to 
the immediate neighborhood of the ocean, but extends inland as far as the tides are 
felt, sometimes for many miles, and in general outline has a dendritic form. On the 
Cotinguiba it reaches the town of Larangciras, on the Sergipe that of Riachuello, 
and on the Maroim branch it reaches the city of that name. ia 

The vegetation of this belt is a characteristic one. The mangues are in no par- 
ticular different from those to be found along the whole Brazilian coast, except, per- 
haps, in the blackness of the mud where it is derived from the decomposition of the 
calcareous cretaceous rocks and organic matter. In places these mangues broaden 
out until they are from two to five miles wide, and in other places their outer margins — 
approach the streams where the latter are encroached upon by the hills. Thus they 
are at once the characteristic feature of a well-defined topographic type, an important . 
geologic agent, and an interesting form of vegetation: aes the mangiaas P lants 
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(Laguneularia racemosa Gaert. and Avicennia tomentosa Lin.) haye reached matu- 
rity, the mangues (swamps) are very nearly, if not quite, impenetrable, and the rapid- 
ity with which old vegetation decays and young vegetation seizes upon new and 
reclaimed lands in the tropics, make them a more powerful agent in the accumulation 
of sediment and organic matter than are the mangrove swamps of Florida. 

In its predominant features the belt of sandy lands and dunes does not differ in 
any marked degree from that of any sandy coast. The sands drift with the winds, 
and the configuration seen at one time is entirely obliterated a few weeks or a month 
later. 

Not infrequently these dunes are driven into the edges of the thick forests which 
grow upon the adjacent topographic belt, but beyond this margin they cannot pene- 
trate far. The effect of the blown sand upon the vegetation in such cases is very 
marked. ‘The flying grains soon bruise and kill the buds and tender leaves and ulti- 
mately a peculiarly rounded, lobed and closely cropped appearance is given to the 
windward margins of the forests. Although these dunes do not assume the propor- 
tions in this part of the empire that they do in some of the more northern provinces,* 
the entire coast of Sergipe and a large portion of that of Alagéas are covered by a 

sandy belt which varies ia width from five hundred feet to two or three miles. 

7 In some places the dunes predominate, the shifting sands often encroaching upon 
and burying mangrove swamps and the underbrush of atjacent forests, while in 
others they form broad, flat glades with a sparse and characteristic flora of cajis, 
cacti, etc. From the Barra de Japarattba to the mouth of the Rio Cotinguiba the 
unbroken line of dunes thrown up by the prevailing east winds has here arrested the 
- drainage and turned it westward through the Rio Pomonga which flows into the Co- 
tinguiba just north of Aracaji.t To the south of the Cotinguiba these dunes often 
assume extraordinary proportions.{ 

The vegetation of the sandy belt is necessarily sparse at the. best. Wherever 
the sand is constantly shifting, as it is in the newer portions of the belt, vegetation 
has no opportunity to take root. In those portions, however, in which, for any reason, 
the sands assume more or less stability, certain drought-resisting forms of vegeta- 


* There has been some speculation regarding the origin of these vast accumulations of sand along the Brazilian 
coast, and especially about Cape St. Roque, M. de Jonnes holding that they are brought to these shores by the eqa- 
torial current (see Ceara, by Pompeo de Souza, p. 13), while Dr. Capanema holds that they come from the Serra do 
Araripe. Whatever may be the origin of the sands north of Parahyba, south of that point they are derived directly 
from the rapid cutting away by the ocean of the soft tertiary beds. 

+See also Relatorio da Commissio Hydraulica do Rio Sao Francisco, by W. Milnor Roberts, Rio de Janeiro, 1880, 
p. 4. ; 

_ $See Geology and Physical Geography of Brazil, by Chas. F. Hartt, p. 380. 
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tion quickly take root and flourish upon it. The cacti are naturally in this list, and 
IT have found one species of fern here, while the caja tree, one of the blessings of 
the country, seems to reach its highest development in this parched and arid soil. 

Il. The tertiary plateaux.—This and the succeeding types can best be under- 
stood by anticipating somewhat the succession of geologic events in this region. The 
cretaceous formation was here overlain by not less than two hundred feet of hori- 
zontal, particolored beds of soft sandstones and clay. Since the emergence of the 
region from the ocean, the overlying tertiary beds have been extensively eroded. 
Where the tertiary beds have not been entirely washed away, flat-topped, angular- 
shouldered hills still cover the cretaceous. beds, and form the topographic type 
under consideration. These plateaux are not confined to any particular belt, but 
may be found anywhere between the ocean and the serras. The tertiary soils are, 
as a rule, very sterile, their sterility being due partly and directly to the character 
of the soil and partly to its tendency to wash, and its inability to receive and 
retain sufficient moisture to support vegetation. The natural growth of vege- 
tation upon this soil is strikingly poor, and this region of plateaux is 
generally covered with a sparse and stunted growth of forest and sedge, while 
the land is extremely barren, and unfit for cultivation. It is also seriously affected 
by droughts. Types of this topography occur between Maroim and Sao Christoyao. 

III. The cretaceous hills —From what has been said it may be anticipated that 
the region of the third type owes its existence to the erosion of the tertiary beds, and 
the consequent uncovering of the underlying cretaceous. While this is true in the 
main, there are certain elevations in this basin which I am disposed to regard as never 
having been covered by the tertiary deposits, certainly not to any considerable thick- — 
ness. In making a voyage between Aracajtt and the mouth of the Rio Sao Francisco, 
one may see a range of cretaceous hills lying south of the river and well inland, 
though disconnected with the higher lands of the serras. This range of hills stands 
at a higher elevation than any of the tertiary hills on either side of it, and for reasons 
given further on, it is not believed that the erosion from the summits of some of the 
tertiary hills has been very extensive. 

The region on the whole is a broken one, the hills being more or less rece as 
a rule, though a few of them have abrupt faces toward the north and west. Although 
the topography of this region is a characteristic one, its value for the purposes | of 
geologic reconnoissance is somewhat impaired by the presence of the overlying ter- 
tiary beds ina great many localities. This type characterizes the region between 
Aracajti and Itabaiana and between Larangeiras and the serras. The vegetation j is 


large and abundant, and within this belt one may often find excellent. <i of pte 
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ideal tropical forests having an undergrowth well-nigh impenetrable and trees whose 
enormous trunks reach heights almost incredible. 

IV. The serras, or the paleozote region.—This type lies to the north and west of 
the mesozoic region, and forms a well-defined, natural boundary between it and the 
archzean region which lies farther inland. In the province of Alagéas this border is 
formed by the Serra de Maraba, which, in its continuation to the south-west, is called 
the Serra d’Itabaiana, and still farther to the south Cajahyba. This entire range is . 
the monoclinal remains of the eroded landward margin of the beds here exposed. The 
rocks dip to the east and south-east at an angle of from fifteen to twenty degrees, 
and underlie the cretaceous and other beds between the serra and the ocean. For 
the most part these serras are covered with forests nearly to their summits. 

V. The trans-serra or archean region.—The topography of this region is an ex- 
ceedingly varied one; now hilly, now mountainous, and now spread out in gently 
undulating plains. In some places it is notoriously sterile and is covered, for the most 
part, with a sparse growth of stunted timber, while in others it is more fertile, and 
produces a more vigorous forest. But little time was devoted to the geology of the 
archxean region. 

THE SERGIPE-ALAGOAS BASIN. 


It will be seen in the resumé of what we know of the mesozoic geology of Brazil 
that too little is known of the exact limits of the cretaceous basins along the north- 
eastern coast of South America to permit a single one of them being clearly and 
satisfactorily outlined. More work has been done on the Bahia basin than upon any 
other one of the number, but of even this the limits are not known. For the better 
understanding of the region, it is deemed best, however, to give such facts as are 
available in roughly outlining the Sergipe-Alagéas basin, before giving the details of 
local geology. 

The Bahia beds being of lacustrine origin, while those to the north are of marine 
origin, it may safely be assumed that these two basins were independent of each 
other at the time of the deposition of their beds. The most north-easterly point at 
which the Bahia cretaceous is known to occur is near Catt in the province of Bahia, 
and the most southerly point at which the marine cretaceous beds of the Sergipe-Ala- 
géas basin have been observed, is at and about Hstancia, in the province of Sergipe. 
The southern margin of this basin must, therefore, be to the south of this place. The 
rapids in the Rio Real, known as Passagem das Pedras, suggests the possibility of 
the red sandstones, which make the cataracts at Hstancia, crossing the Rio Real at 
Passagem. — 

A. P. 8.—VOL. XVI. 2v. 
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To the north of Estancia no exposures are known until one approaches the Pedra 
da Cajahyba which forms a part of the Itabaiana range of mountains.* From this 
part of the province to the Rio Sao Francisco near Propria the mesozoic basin is 
bordered on the landwards side by the eastward extension of this same range of 
mountains. In the province of Alagéas, the Serra de Maraba forms the north-west 
boundary, and by its trend leads one to suppose that this north-west margin contin- 
ues for some distance in a line parallel to the coast. 

Just where this basin ends to the north-east, and indeed whether it ends at all, 
either within the borders of Alagdéas, or of Pernambuco even, is not known. ‘The 
geology along the coast between Maceio and Rio Formozo has never been examined, 
and it is possible that this basin comes to an end between these two points. The 
writer fecls warranted in the opinion—though it is only an opinion—that Porto Calvo 
is in the Sergipe-Alagéas basin, and it is possible that its beds are exposed at Rio 
Formozo. An examination of the relations of the archwan rocks and- what was at the 
time supposed to be the tertiary beds at and near the mouth of the Rio Formozo in 
the province of Pernambuco, does not definitely settle the question as to whether or 
not the cretaceous beds continue to the north of this point. The beds seen at Rio 
Formozo lie unconformably against the crystalline rocks, but it is not clear whether 
the beds supposed, at that time, to belong to the tertiary do really belong to that 
period. They are, in general appearance, certainly unlike any tertiary beds seen else- 
where in Brazil, being made up of alternate beds of conglomerate, clay, chalk and 
chalk with flint nodules. 

If then the cretaceous beds are continued from Alagoas and extend to the north 
of Rio Formozo, it is possible that they underlie the tertiary about Cape Sto. Agos- 
tinho, and are continued on the landward side of that cape, underlie Pernambuco, 
crop out at Olinda, Maria Farinha, Iguarasst, the island of Itamarica, and may even 
connect with the mesozoic beds exposed at Parahyba do Norte and further north. 


LOCAL DETAILS. 


The present discussion of the Sergipe-Alagédas basin must be based upon facts 
gathered for the most part in the vicinity of Maroim, the Serra d’Itabaiana, alone the 
Rio Sao Francisco and the Serra de Maraba. 


* The beds of this range which I have referred to the paleozoic probably underlie the cretaceous beds of ¢ 
part of the coast. In a letter to me, in answer to one making inquiry regarding the nature of the region tray 
him from Bahia to Sergipe, Mr. Derby writes: ‘‘In the trip across Bahia and Sergipe, I found a series of sl 
sandstones in the region between the Rio Real and Itabaiana which is most probably the same seen in the ia} 
So far as : could see, there is nothing between that and the gneiss.” 


ag “ iY 4 
, 
7) _ 


ee t.@@ 


‘1 $9%Id 


‘TIT WBq 


IAX 


—s 


‘TOA 


‘009 “sortud * 


Sir 


Ce eae eee 


OM few Ug 
Uh dh 
YY 


ae 


Yd, i 
OY) 


P. Jl 


a. 


Uf, Ye Mi “TF MW, 


~ SL ae Tae 


een ea 
_—“. + ~~ ty ——s 
cas — _ ~ — 
Precsee aes ee 
= Ries 
Be 
ate | 
ide Fs pS | F 
Y oer ‘ a | 
ho 
L 
yw A ni 7 
Sa . Bi 
Pate ome ua en Ns < 
% 6 dit ~_. Se # 
aN —, en ee TN 
wee 
— = i S = 
\ ~ \ , J ES ae 
eres 
; (Ee er, eon mt 
Sats 
asa — ; A 
, \ | t 
— ) 4 


IeuLy suOoTJOVSsUBIA, 


OF THE SERGIPE-ALAGOAS BASIN OF BRAZIL. 379 


These and the other localities mentioned below are the only ones examined that 
are judged to be of sufficient importance, or at which sufliciently valuable observa- 
tions were made, to be worthy of mention here. Hundreds of places were visited in 
this region at which poor exposures of cretaceous rocks were found, but they could 
throw no additional light upon the geologic structure of the region without the use 
of more trustworthy methods of work than it was possible to employ at the time. 

Inasmuch as the tertiary geology of this region is the subject of the second parv 
of the present paper, the beds of this series are not discussed in this place. 


In view of its general importance and the light it throws upon the structure of 
the entire region the details of the Itabaiana exposures will be taken up first. 


Itabaidna.—The best section seen of the rocks underlying the mesozoie beds are 
exposed where the Rio Sergipe cuts through the range of mountains of which Itabai- 
ana forms a part. Here the crystalline rocks are exposed on the inland side of the 
range, and in the gap cut by the river, the unconformable contact between these and 
the sedimentary beds, which are presumed to be paleozoic, is plainly seen. The 
conglomerates, false bedded sandstones, and shales which make up the great body 
of the section, have been so metamorphosed that the prospect for finding fossils in 
them is not very encouraging. 

The sandstones are almost all changed to exceedingly hard, glassy quartzites, which 
by much jointing have broken into smooth-sided rhomboidal blocks. Following 
down the stream one ascends geologically, and finds these quartzites and conglomer- 
ates the principal rocks exposed, while those of shale, in which one most hopefully 
looks for fossils, are but poorly exposed or entirely covered with talus from the over- 
hanging ledges. - These beds have a pretty uniform dip of 15-20° to the south-east. 
Along the escarpment of the north face of the mountain range the upturned edges 
of the uppermost beds are partly exposed, while all the lower ones are covered with 
talus which stands at as high an angle as possible. In this talus large fragments of 
. shale, such as was not seen in situ were examined for fossils, but without success. 

The brief time spent in examining the rocks of this section for paleontologic 
evidence of their age was very insuflicient, and it is altogether probable that careful 
detailed examination of these beds will yet furnish the desired evidence. 

From the top of Itabaiana the structure of this range of mountains and its geolo- - 
gic relations to the regions on’either side of it are quite evident. The Itabaidna peak 
is at the base of a curve in the range which continues to the right, as one faces the 
ocean, towards the west and south-west, while to the left it extends to the north and 
north-west. About fifteen miles to the north the range turns eastward and is next 
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seen prominently on the Alagéas side of the Rio Sao Francisco, where it is known as 
the Serra de Maraba. ‘To the south-west different portions of the ranges are known 
by different names, the section next to Itabaidna being called the Serra Comprida, and 
that next the Cajahyba. It is evident at a glance that this range of hills bears the 
same relation throughout to the general Sergipe-Alagéas basin as the Itabaiana beds 
bear to those lying immediately between them and the ocean.* 

The section across the region given below shows the general relations of the 
various beds. . 

The following sketch looking north-east from the top of Itabaiana, shows the 


| 


Looking north-east from Itabaidna. 


continuation of the range in a line of detached peaks, the rocks of whieh 
oceanward beneath the mesozoic beds. Fig. B. is a sketch from near the U 


Fig B. Serra Oouiprids from Tiataibnat 


end of Itabaiana peak, looking toward the south-east. The aa of ‘ie 
prida are seen from the inland side, Serer iat and appear to ube faulted. ar 
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and Sto. Amaro to the sea. No attempt is made to represent relative thicknesses 
accurately, for no measurements have been made that will render this possible. 


Section across the Sergipe-Alagéas basin. 


Beginning at the base of the section, M represents the crystalline rocks of the 
archeean, here composed of beautiful greenish gneisses containing amethysts and _yel- 
low mica. At the point of contact the surface is uneven but hard and rounded as if 
water worn, and the conglomerates of the lowest of the paleozoic beds lie uncon- 
formably upon it. The gneisses at this place dip to the north-west though much 
crumpled in places. The same rocks when exposed away from the line of contact are 
soft and deeply decayed. 

The lowest bed of K is a coarse and very hard conglomerate made up largely of 
fragments from the underlying gneiss. The next bed above is of coarse sand and 
pebbles, false bedded, followed by sandstone of varying degrees of coarseness. The 
pebbles in this bed are of all sizes up to that of one’s fist, and vary in color from the 
white of milky quartz to the green of the underlying gneiss from which the latter are 
apparently derived. Next follow very hard sandstones with ripple marks, then fine, 
fine-grained sandstone. This is succeeded by fine-grained micaceous slaty rock 
with ripple marks, then very hard conglomerate followed by solid fine-grained slate, 
and coarse sandstone with micaceous bands. 

These beds are all exceedingly hard, the sandstones being usually in the form of 
jointed and strongly false-bedded glassy quartzites. They have a uniform dip of from 
15° to 20° to the south-east. 

Of the thickness or importance of the rocks between the beds just mentioned and 
the next observed, nothing is known. On the sides of the hills immediately east of 
Itabaidna a series of slates, shales and sandstones were seen, but it was too imperfectly 
exposed to admit of a complete section being made, or of connecting such a section 
directly with that in the Rio Sergipe gap. On the part of the mountain east of the 
river the rocks dip south and south-east. The next overlying beds seen are limestones 
exposed on the stream between‘ Itabaiaina and Serra Comprida. Where they were 
examined they are considerably disturbed, very compact, and traversed by small veins 
of white quartz. In general appearance these rocks resemble the mountain limestones 
of England, but no fossils were found in them. 
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It is presumed that these limestones are included in the paleozoic beds which 
extend still higher. There is another break in the section here caused by the impos- 
sibility of observing the sequence of the overlying beds. 

The next rocks seen, and of which the stratigraphic relations are known, are the 
mesozoic sandstones found in the hills at Engenhos Araga and Pamonha, and which 
appear to dip gently to the north-west, that is, in the direction of the serra.* This 
dip necessitates at least one syncline between this place and the mountains. Above 
these follow various beds of sandstone and limestone which are described more in 
detail elsewhere, all of which appear to belong to the cretaceous, with certain excep- 
tional facies referred to in speaking of the age and correlation of the mesozoie Brazil- 
ian beds. 

The cretaceous beds are somewhat disturbed, and some of them slightly meta- 
morphosed. They are richly fossiliferous in places, and have furnished the interesting 
series of fossils described by Dr. White in his “Contributions to the Paleontology 
of Brazil.” 

The horizontal tertiary beds (B) which overlie these do not end along a well-de- 
fined line as one might infer from the section, but seem to have covered at one time 
almost all the mesozoic rocks, and to have been largely removed by denudation, leav- 
ing shoulders here and there, some of them but a few hundred feet and some of them 
miles in width. ‘These beds are horizontal as far as the unaided eye can determine, 
non-fossiliferous, and are made up of particolored alternating strata of clays and sands, 
with here and there calcareous bands and concretions. 

The last beds are those of quaternary and recent times which lie against the 
tertiary, cretaceous, paleozoic or archzean as the case may be. 

Recapitulation—Explanation of the section: 

M. Archeean, (?) schists. | 

K. Conglomerates, sandstones and shales of the Itabaidna series, partially meta- 
morphosed. 

Not seen. 

Limestones and shales. 

Not seen. 
Sandstones of Pamonha and Araga. 
Oolitic limestones and sandstones. 
Chalky beds of Sapucary, Andorinhas, ete. 1 —_ 
Horizontal tertiary sandstones and clays. . ; 
(Quaternary and recent. 


PROUREAE 


5 = thie iene Pas < 
* The fossils from these beds are referred to in Dr. White’s work as coming from ‘‘ Pamona,”’ which should r 7 
Pamonha, } = ta ¥ 
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EXPOSURES ABOUT MAROIM. 


Quarries have been opened in many places in and: about Maroim from which 
stone has been obtained for building walls and houses and for paving the streets. 
One of these quarries on the western side of the town is known as the pedreira de 
Gambarobe. The rock at this quarry is a brownish gray limestone, more or less 
oolitic, and contains some fossils, though the shells are usually broken and difficult 
of extraction. Lamellibranchs, cephalopods, decapod crustaceans, echinoderms, and 
occasionally very large gasteropods are found by the quarrymen. Many bits of fossil 
wood are also found here, but all in a charred condition. 

On the eastern outskirts of the town, and lying more or less in it, at a place 
known as Aroeira are several old, abandoned quarries in calcareous sandstones. 
These beds contain many fossils, but the rocks are too hard to allow them to be taken 
out in good condition. The dip here is generally toward the east at a low angle. 
The fossils described by Dr. White from the Riacho de Aroeira are all from a small 
exposure in the bed of a wet-weather stream to the north-west of the quarries. At 
this place the rocks are more sandy than at the quarries referred to, and sometimes 
are hard as quartzites. They lie directly beneath the beds exposed at the quarries of 
Aroeira and dip to the S. 80° E., at an angle of six degrees. In the lowest part of 


the bed are fragments of the softer yellow rock which lies at a lower geologic level, 


forming, with the sand, a kind of conglomerate. 


Lastro. 


The richest locality for fossils found in the vicinity of Maroim is one known as 
the Lastro, about two miles down the river from the town, on the east side of the 
stream, and just south of the Engenho da Praia. From this engenho the exposures 
continue for more than three miles along the hills that border the stream on the east. 

The fossils described by Dr. White from this locality come from the border of 
the mangue along the first three-quarters of a mile below the engenho. In this dis- 


tamce the rocks furnishing the fossils are mostly soft, decaying, cream colored to 
_ brown, oolitic limestones, which, by disintegration, have left the fossils free. In 


places the small rock fragments are so full of echinoderms that they can be picked 
out like walnuts from their hulls. In some cases the material of these fossils is 
changed to pure calcium carbonate, while in others the more compact beds of lime- 
stone have the fossils silicified so that they can be perfectly removed by the use of 


acid to dissolve the limestone. 


a 


Es 


The weathering out of the fossils at this place is hastened by the tides which 


\'\ 


has the correct spelling. 
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alternately cover and expose them to the air and sunshine. These same beds are 
exposed also -on the opposite side of the river at a place called Jaque, where the 
stone was formerly quarried at low tide. Here, however, the rocks are harder than 
those at the Lastro exposure, the fossil fauna being the same. 

The rocks at Jaque are oolitic, of a light-brown color near the surface, but where 
they have been blasted, or their interior parts are unaffected by weathering, they have 
a bluish-gray color. 

Rocks similar to those found at the Lastro and Jaque occur from two to three 
miles further down on the west side of the stream. Here too the black flints which 
seem to have weathered from some limestone beds are widely scattered. The beds 
from which the flints have been derived overlie the oolitic rocks exposed at Lastro 
and Jaque. On the east side of the stream the rocks overlying the oolitic beds are 
soft limestones such as are exposed about Porto da Rede. On the west side the 
soft limestone beds are more or less flexed. 

The fossils most abundant at the Lastro are conchifers, cephalopods and echi- 
noids. ‘There were found here sixteen species of conchifers, of which number ten are 
new to science; nine species of cephalopods, six of which are new; ten species of 
echinoids, nine of which are new. Gasteropods are remarkably scarce, but two spe- 
cies having been found here, both of which are new. 


Pedreira de Jotio Pereira.* 


This quarry is about two miles east of Maroim. The rock is a soft, cream-colored 
to yellow, oolitic limestone, affording many imperfect specimens of cephalopods. 
The rock is so soft that it is quarried in blocks by cutting trenches in it with picks. 
The fossils are bivalves and cephalopods. Three species of the former and three of 
the latter have been found here, all of which are new to science. The beds haye a 


southerly dip. 
Garajdéu. 


This locality is immediately north of the town of Maroim, and is interesting as 
containing the rocks from which one of the conchifers described hy Dr. White as of 
jurassic aspect (Aucella braziliensis) was obtained. Most of the fossils obtained 
here are cephalopods (Ammonites hopkins’) and were broken from compact limestone 
blocks where they had been separated by disintegration from the main beds, which 
crop out here and there about the fields. These beds overlie those of Aroeira, Las- 
tro, Jaque, Gambarobe, ete., all of which are oolitic. — r | 


} * ay i 
* This locality is wrongly given in Dr. White’s Paleontology as Joao Ferreira in some places, while in others i 
’ ¥ or 
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Jacuruna. 


At Jacuruna, a short distance north-east of Maroim along the estrada real lead- 
ing to the village of Rosario, is an exposure of oolitic limestones containing a few 
fossils. To the west of the Ponte de Sabao bridge, is a hill having outcrops of simi- 
lar rock on either side. An exposure of limestone passes east and west through the 
village of Rosario. In one place where this stone is quarried, a bed thirty-five feet 
in thickness is exposed. The rock is oolitic and in lithologic characters strongly 
resembles that of the Gambarobe quarry in Maroim. The uppermost ten feet forms 
amassive bed. These beds dip at an angle of twenty degrees S$. 45° E. (direction 
estimated). Between this point and Campo Redondo the country is low, these cre- 
taceous rocks and their hills forming the southern boundary of the valley, while a 
range of tertiary hills bounds it on the north. Soft, cream-colored, cretaceous lime- 
stones underlie these tertiary hills: as was shown in the pits excavated north of En- 
genlho Campo Redondo in a search for coal or gold. From one of these pits, ten feet 
deep, a few fragments of fossils were obtained, one of which, Camptonectes placitus 
White, is described in Dr. White’s “ Paleontology of Brazil.” 


Coquetro. 


Most of the material collected at Coqueiro came from a single locality, a small 
exposure in the estrada real within a few hundred yards of the engenho of this name. 
The rocks here are sandstones of very uneven texture, being in some places hard, in 
others soft, in some places fine grained, in others coarse and porous, while in others 
still they contain a great many quartz and other pebbles. Among these pebbles are 
some of black quartzite resembling very strongly the dark quartzites found in situ in 
the serra d’Itabaiana. Owing to local variations in the character of these sandstones, 
some portions of the beds contain no fossils, all of them, if any ever existed in such 
places, having been removed by percolating waters. ‘he most abundant fossils are 

- econchifers, Trigonia subcrenulatu being especially plentiful, and these occur for the 
most part as moulds or casts, the shells having been entirely dissolved out. In some 
of the finer-grained portions of the beds many impressions of small and delicate lamel- 
libranchs are found, but the rock is so friable that they can be extracted only with 
great difficulty. The scarcity of gasteropods in these beds is somewhat striking. 

To the north of the engenho is a small quarry in which the rocks are very hard 
yellowish sandstones, from which the fossils cannot be successfully removed. Hast 
of the river (Sergipe), at a place called Pocinhos, about seventy-five feet of sand- 

stone is exposed. This exposure also shows a wide range of material in its composi- 

A. P. 8.— VOL. XVI. 2w. 
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tion, being in places very fine, in others containing a few pebbles, while in others it is 
a decided pudding stone containing cobbles half the size of one’s head. Fossils are 
very scarce here, only a few bivalves being found in the lowest beds. ‘The fact that 
the collections made here afford several fossils of jurassic aspect renders the locality 
one of special interest. 

The beds are identical with those exposed at Porto dos Barcas, Trapiche Maior, 
Trapiche das Pedras Velho and Trapiche das Pedras Novo, though they vary con- 
siderably between these various localities in lithologie characters. 


EXPOSURES ALONG THE RIO SERGIPE. 
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Many of the paving blocks and stone steps used in the village of 
(also called Pintos) are filled with small gasteropod shells and other 


aS 
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small collection of the fossils of the neighborhood was made at one time by Dr. Dio- 
nizio Hleuterio de Meneses, the proprietor of Engenho Moleque near the village. At 
this engenho is an exposure of soft sandstone, but the fossils in it are not well pre- 
served or readily extracted. The rocks in the vicinity of Riachuello were not exam- 
ined thoroughly, and no doubt more interesting localities than any found remain to 
be explored here. Between the village and the engenho Jesus Maria José are several 
localities which yield good fossils. At the last-named place an exposure in the public 
road furnishes an abundance of them. Another locality is the Engenho Sao José de 
Vieira, and between it and Sao Felix are the largest and best preserved gasteropods 
found anywhere in the Sergipe-Alagdéas basin, many of them lying weathered in the 
fields. A few of these were collected, but they seem to have been lost, for they were 
not included in the collection sent Dr. White with the other mesozoic material from 
Brazil to be described. At Sao Felix is the only exposure between the Sao José de 
Vieira locality and Riachuello. 

At Trapiche Santa Maria in the outskirts of this village and on the river bank, a 
soft, non-fossiliferous sandstone is exposed, having a low dip to the north 15° east. 
This rock, in general appearance, very strongly resembles that exposed at Araga and 
Pamonha. At Trapiche das Pedras many large gasteropods were found in a calcare- 
ous sandstone on the east side of the river. 

About two hundred yards up the river from Trapiche Maior is a ledge of soft 
sandstone exposed at the margin of the stream near a tile factory, and containing 
many fossils, and especially bivalves. At Porto dos Barcos an exposure at the mar- 
gin of the river, and which is uncovered at low tide, dips N. 20° EH. The rocks at 
all the above localities dip beneath the oolitic limestones of the Urubtt and Imbira 
bluffs. 

I find in my field notes, written upon the spot, a statement to this effect: That 
“the Coqueiro beds are the same as those of ''rapiche Maior, Porto dos Barcos, and 
Trapiche das Pedras.” The importance of these facts will be made apparent in the 
discussion of the jurassic aspect of some of these beds. My notes upon the detailed 
geology of these localities (Porto dos Barcos, Trapiche das Pedras, and Trapiche 
Maior) are meagre, the collecting at these places having been done principally by 
Dr. Freitas. 

a, Urubiu and Imbira. 


The locality known as Urubt is a bold cliff of oolitic limestone of grayish and 
greenish gray color, from one hundred to two hundred feet high, having a N.-s. 
trend, and dipping approximately 37°, S. 70° E. Along the weathered face of this 
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bluff many well-preserved specimens of Hchinobrissus freitasit, White, were found. 
Below this point another and similar exposure of cream-colored to gray oolitic rocks, 
about seventy-five feet high, is known as Imbira. The rocks here dip about 30°, 5. 
70° EK. These oolitic limestones are weathered along the joints, and contain many 
large caverns from whose roofs stalactites descend to their floors. - 

At Canna Brava white to gray oolitic rocks dip 8. 45° W. at a low angle. Below 
Canna Brava, at a locality on the west side of the river, known as Toque, are good 
exposures of limestone. These rocks are somewhat metamorphosed in places, and 
only one bed yields many fossils. The rock is firm and compact, and weathers in 
jagged, irregular masses which, when struck with the hammer, ring like “ clink- 
stones,” from which peculiarity the place doubtless takes the name “ Toque.” In a 
few places caverns are developed in it. The beds here dip about 20°, 8. 65° H 

About a thousand feet below Toque similar beds are exposed at Capoeira on both 
sides of the river. On the west side these form a bluff about one hundred feet high. 
Being very compact and partially metamorphosed, they furnish but few fossils, and 
these come from a single stratum and bear a strong resemblance to those found 
at the Lastro locality near Maroim. The exposures on the left bank of the river dip 
13°, N. 70° W., while upon the right bank the dip appears to be 8. 70° E., angle not 
determined. Rocks similar to these are exposed again further down the river at sey- 
eral places, the most important one being known as the Pedra Branca. Here they 
are exceedingly compact and partially metamorphosed, in places resembling marble, 
while the fossils have been almost entirely obliterated, the ones found haying a general 
resemblance to those of the Lastro locality. The exposed upper surfaces of the rocks 
weather in sharp, jagged points. 

Half a mile from this point on the river, at the margin of the mangue, are found 
fragments of a bed of limestone cropping out at the base of the hills, which ee 
contain a great many flint nodules. 

The only other exposure of importance on this stream, that is, on the Rio Rereipe 
proper, and below the last-mentioned place, is at the limestone quarries of Andorinhas. 
At several places soft, cream-colored flagstones are quarried both for paving stones — 
and for making lime. In general appearance these limestones resemble those quarried 
at Sapucary, though they are not quite so pure or so fine grained. These rocks 
contain occasional imperfect impressions of large cephalopods and the rena s of 
decapod crustaceans. The dip here is generally toward the east, thou Cd 
have some appearance of being Beweds 
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side.* The rock here is a soft, cream-colored limestone, in laminz from one to five 
inches thick, and coming out as flagstones. These flags are extensively used for 
paving-stones in Aracajt. They dip to the east at an angle varying from 25° to 
40°. But few fossils have been found in these rocks, and these have been the scales 
of fishes. The locality is described also by Prof. Hartt in his “Geology and Physi- 
cal Geography of Brazil,” p. 383. 

These Sapucary beds appear to be the highest of cretaceous age exposed in this 
region, the next exposures to the east being coarse, ferruginous sandstones, which, in 
all probability, belong to the tertiary. If, from Sapucary, one ascends the stream 
toward Maroim, many cretaceous exposures may be found in the vicinity of Porto da 
Rede. The rocks to the east of this village are limestones, both hard and soft, many 
of them containing black flint nodules. They are exposed in many places near the 
water’s edge, along and in the margin of the mangues. The dip is approximately 
to the east at an angle varying from 25° to 35°. None of them form prominent fea- 
tures in the topography of the neighborhood. 


EXPOSURES ‘ABOUT LARANGEIRAS. 


The most interesting place in the vicinity of Larangeiras is just outside the town, 
along the road leading to Maroim. Here hundreds of large cephalopods (mostly 
Ammonites (Buchiceras) harttii, Hyatt) and echinoderms (Zchinobrissus freitasi, 
White) lie weathered out in the road. Some of these fossils are badly bruised by the 
wear of travel and their being knocked against one another, while others, more re- 
cently weathered out, are fairly well preserved. The material from this locality, and 
belonging to the Commissao Geologica was labeled “Bom Jesus” after the name of 
the engenho to which the lands belong, and this is the locality referred to in Dr. 
White’s descriptions. From this point toward Maroim, at the Hngenho Pedra 
Branca, is a quarry of impure limestone dipping south-west. 

A half a mile west of Larangeiras is a place known as the Pedra Furada, or 
pierced rock. <A bed of limestone about twenty feet thick is here exposed in an 
isolated bluff made prominent by lateral weathering. Lithologically this rock 
strongly resembles that found at Capoeira and Toque on Rio Sergipe, and of 
which bed it seems to be the southward extension. The strata dip about S. 45° 
E. at a low angle. 


* Prof. Hartt gives the name of this place as Sapucahy, and in the notes sent Dr. White by Mr. Derby on the 
geology of the province of Sergipe the name is so given. Sapucahy being the name of a Brazilian tree, it is quite nat- 
ural that this mistake should have occurred, and that it should be held as an intelligible word. In spite of this the 
people at and about the place called it Sapucary, and this, of course, determines its name. . 
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In the town of Larangeiras is a quarry on the east side of the stream, the 
rocks having a general resemblance, both in lithologic appearance and in fossils, 
to the harder portions of the Lastro and Jaque exposures near Maroim. 

Several outcrops of cretaceous rocks occur along the Cotinguiba, the stream 
upon which Larangeiras is situated. Above the mouth of the Rio Cajahyba which 
flows into the Jacaresica from the west, there is a quarry of white limestone at the 
Caes da Ilha on the east bank of the river. A section of about twenty feet of this 
rock is exposed here. At Oiteiro Galante, on the east side, the same rock shows 
again in a less prominent exposure. Neither of these places was carefully examined 
by the writer. 

ESTANCIA. 

At Estancia the most prominent rock exposures are the red sandstone down 
which runs the cataract of the Rio Piauhy at this place. In general appearance 
these beds resemble, in a very striking manner, the triassic red sandstones of New 
Jersey, United States, and also those at Penedo on the Rio Sao Francisco. No fos- 
sils have been found in them. 

Between the city and the port on the river the rocks exposed are dark-brown 
sandstones varying to conglomerates containing pebbles of gneiss and clay ironstone 
concretions of various sizes up to six inches in diameter. These rocks have a dip of 
from two to five degrees to the north-west. I am inclined to think, however, that 
this is an exposure of tertiary instead of the harder sandstones so well shown in the 
river. 

At Ribeira Velha are exposures of the tertiary. The locality of especial interest 
in this neighborhood is a place known as Sio Gongalo, where a few cretaceous fossils 
were found. The exposure, however, is a very insignificant and unsatisfactory one, 
where the soft limestones have been dug out for making lime. In this exposure the 
beds are gently arched, the most prominent dip being to the north-west (?). The 
uppermost bed is a coarse white sandstone, next below comes a band of fine, soft 
limestone, then gray limestone of a chalky appearance, and at the base a bed of plas- 
tic blue clay. The quarrymen spoke of having found panellas (frying-pans) in the 
rocks, which, from additional descriptions, were supposed to be large cephalopods. 
No examples, however, were seen. 


THE MARABA SERIES.* 


That the Maraba beds bear the same relation to the mesozoic rocks in the pro- 
vince of Alagéas as do those of Itabaiana to the mesozoic rocks in Sergipe, there can 


* The Serra de Maraéba is said to be the highest point in the province of Alagdas. 
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searcely be a doubt. Looking north-east from the Rio Sao Francisco, a short dis- 
tance below Propria one sees the Maraba as shown in the following cut; the inland 


Serra de Marfba from near Proprié, Rio Sio Francisco. 


or north-west side of the hills presenting abrupt faces, the south-east slope having a 
gentle dip toward the sea, suggesting that, if composed of sedimentary rocks, they 
must dip beneath the horizontal tertiary beds which cover the greater part of the 
region in the immediate vicinity of the mountain. 

An examination of the country between Penedo and the serra shows that this 
impression is the correct one. Leaving out of account the sandstones underlying the 
city of Penedo, in going from this place to Maraba, one traverses a wide belt of low, 
flat, fertile country which borders the river, and which is more or less flooded by the 
enchentes or “freshets” of the Rio Sao Francisco. From this low country he rises 

gradually and almost imperceptibly upon the taboleiros or plateaux, which are com- 
posed of the horizontally bedded clays and sandstones of the tertiary. These 
beds continue high up the south-east face of the Serra de Maraba and end uncon- 


Section through the Serra de Maraba. 


formably against it. They (the tertiary beds) are cut through by the ordinary pro- 
cesses of subaerial erosion, and, if careful search could be made, it is probable that 
exposures of the cretaceous, or at least of rocks higher than those seen on the sum- 
mit and face of Maraba and lower than the tertiary could be found. At Igreja Nova, 
a hamlet near the south-east base of the mountain, several loose fragments of com- 
pact limestone were found strongly resembling that which occurs near the top of the 
Itabaidna series, but the rock was not seen in place. 

) The serra itself, as seen in the few exposures on the top, is composed of light-colored 
sandstones dipping at an angle of about 40° to the S. E.* These rocks are much jointed, 
and in many places changed to quartzites. The contact between the paleozoic and 


* The slope of the hill where it was seen to correspond with that of the rocks is here given as the dip. The rocks 
are so metamorphosed that it is difficult or impossible, to obtain the dip directly. 
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archean at the base of this serra was not seen, being covered by soil and the talus from 
the abrupt northern face of the ridges. Not far north of this escarpment the gneisses, 
such as are seen at the base of Itabaiana, crop out. 

From the summit of the Maraba and bearing S. 25° W. is another peak of this 
same range known as the Urubi, shown in the following cut, having the abrupt north- 


Pico do Urtibu from Mardaba. 


west face and the south-east dip characteristic of the Maraba. From Maraba, Propria 
on the Rio Sao Francisco is visible in the distance, and to the left of that place, though 
far beyond the river, appears a broad plateau with its higher face to the inland side and 
sloping gradually oceanward, but dying cut in the flat country long before the ocean is 
reached. This plateau was judged at the time and on the ground to be the continua- 
tion of the cretaceous beds of Sergipe i in the Alagéas direction. 


Fig. F. Pico da Serra Grande from Maraba. Ke 


Bearing N. 70° E. the Pico da Serra Grande (Fig. F) is the next prominent peak i In 


this range, its beds also apparently dipping south-east beneath the tertiary. phe ag 
away a line of peaks form the north-easterly continuation of this range. hy Sa 


* 
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LITHOLOGIC CHARACTERS. 


No exposures have ever been found of these Sergipe-Alagéas- <a re 


wide areas are taken Fs consideration. - 
Without going into tedious details I may say, however, that all th 
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possession points in one direction, namely, that the lithologie characters are not only not 
constant in these beds, but that they often change very radically within a thousand or 
two thousand feet. 

The oolitic beds, so prominent a feature of the Maroim region, do not appear as such 
on the Rio Sao Francisco, where the entire Sergipe-Alagéas series is cut through by the 
river. The red sandstones of Penedo do not appear as such about Maroim, while they 
are a conspicuous feature of the geology in the region about Estancia. The shales of 
Maceio are not seen elsewhere in the basin at any considerable distance from Maeeio, and 
the arenaceous beds of Villa Nova are not known to exist in any other part of the basin. 

The rocks vary in texture and character between the following kinds: 

1. Coarse, compact sandstone of a bluish-gray color, modified by weathering to 
brown, and light gray ; fossils preserved but difficult of extraction. Example, Riacho 
de Aroeira. 

2. Coarse to fine friable sandstone of open or porous structure; fossils preserved 
mostly as molds or casts. Example, Coqueiro. 

3. Oolitic limestone, bluish and greenish, weathering to light gray, cream-colored 
and brown. Examples, Urubu, Maroim, at the Gambarobe and Lastro quarries. The 
brown and cream colors of the oolitic beds are apparently products of incipient decom- 

. position, the bluish and green tints predominating where these rocks are quarried to 
considerable depths, the brown and cream colors appearing near the surface and where 
the rocks are penetrated by joints or otherwise made accessible to meteorologic 
agencies.* 

4. Cream-colored, lead-colored and white, soft limestone. Examples, the quarries 
of Sapucary and Andorinhas. ‘ 

5. Limestone, more or less compact, without well-preserved fossils, and with flint 
nodules. Example, Toque below Canna Brava. 


* The following is a brief description of thin sections of specimens of these oolitic limestones examined under the 
microscope 3 

The body of the rock is made up of irregularly rounded patches of calcite, many of which have the characteristic 
oolitic structure. There are, besides occasional grains of quartz, a few fragments of greenish mica, and here and there 
patches of brown hydroxide of iron. All these constituents are cemented together with fine, almost colorless, granular 
calcite. The oolites are stained a dull brown or cream color, and stand out prominently in the cement. There is 
nothing unusual in the oolites themselves. They are made up of concentric rings of calcite grains one outside the 
other, the innermost one usually enveloping a small fragment of organic matter, such as a bit of shell. 

Many examples occur among these oolites, however, in which the general mass is not made up entirely of these 
concentric rings, the formation of these having ceased at a certain point, while beyond this the calcite has been added 
principally upon one side of the already formed mass, and without any definite arrangement. In some cases two 
partly-formed oolites are cemented by this amorphous calcite, the united mass retaining the usual irregularly-rounded 
form In other cases still later formed concentric bands have enveloped the oolites thus united. 
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THE AGE AND CORRELATION OF THE MESOZOIC BRAZILIAN ROCKS. 


Although the mesozoic beds of the region under discussion are here spoken of as 
cretaceous, the writer is aware of certain conflicting evidence in regard to their age, 
which should not be overlooked. 

Prior to the study of the cretaceous fossils of Brazil by Dr. White, the age assigned 
to the beds from which these fossils were derived was more or less unsatisfactory. 

Although undoubted paleozoic deposits occur in many places in Brazil, no fossilif- 
erous strata have as yet been discovered immediately beneath the cretaceous, while the 
overlying beds, referred to the tertiary, have never yielded any fossils, and have been so 
referred solely on account of their relation to the strata underlying them, It is plain, 
therefore, that the determination of the age of these recks must be based entirely upon 
internal evidence, a determination which, on account of the incompleteness of the col- 
lections or the want of study, has always been more or less unsatisfactory up to the 
publication in 1888 of Dr. White’s important ‘‘ Contributions to the Paleontology of 
Brazil.” . 

Prof. Hartt, in his.“ Geology and Physical Geography of Brazil,” p. 385, says that 
when, in 1869, the cephalopods collected by him at Maroim were shown to Prof. Alpheus 
Hyatt, he was at once struck by their jurassic aspect, although in the description of 
these fossils, which is published at length in Prof. Hartt’s book (op. cit., pp. 385-393), 
nothing is said upen this subject, while they are all said to have come from “the creta- 
ceous beds of Maroim.” 

Prof. Hartt says (op. czt., p. 393) that the limestone about Maroim is undoubtedly 
upper cretaceous, though he does not tell us upon what evidence this opinion is based. 

The Brazilian cephalopods described by Prof. Alpheus Hyatt in Hartt’s “Geology ” 
had been collected by Prof. Hartt from what he considered undcubted cretaceous rocks. 
Some of these fossils, however, were of decided jurassic affinities, and both their strati- 
graphic position and peculiar state of preservation warranted Prof. Hyatt in endeavor- 
ing to account for their occurrence at such a horizon. Prof. Hartt felt confident that the 
Sergipe rocks were cretaceous; the fossils were evidently much worn, and had a decided 
jurassic aspect. Prof. Hyatt therefore suggests* that these cephalopods may have been 
eroded from beds at a lower geologic horizon (the jurassic) and transported to and depos- 
ited in the cretaceous. The suggestion is a natural one for a person unacquainted with 
the peculiar circumstances under which these fossils occur, but it is only necessary to 
say here that a knowledge of these circumstances does away with the necessity of this | 
supposition. The fossils were taken from their original beds, and there is no reason for 


* Proc. Boston Soc. Nat. Hist., Vol. XVII, p. 370. 
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supposing that they have been redepusited, as I shall show hereafter, and the case is 
mentioned in this place only to call attention to what is either conflicting testimony 
regarding the age of the Sergipe rocks, or to a mingling in them of jurassic and creta- 


ceous faunas. 


M. Emmanuel Liais, in speaking of the secondary deposits of Brazil, in his “ Géol- 
ogie du Brésil” (p. 197) says: “Ce puissant dépédt secondaire, tout parait l’indiquer 
d’ailleurs, a di se former pendant au moins une grande partie de l’époque crétacée, et a 
peut-étre commencé dés l’époque jurassique, au moins dés la période oolithique. Peu de 
perturbations auront eu lieu dans ces immenses régions pendant cette longue durée, et 
par la s’explique comment les espéces du commencement de la période ont pu continuer 
d’exister et se méler aux espéces postérieures, de sorte que, suivant la trés judicieuse 
remarque de Darwin, confirmée, comme nous l’avons vu, par l’union d’espéces jurassiques 
et crétacées dans les divers dépéts du Brésil, les deux époques ne sont pas nettement 
séparées comme en Europe.” 

No direct reference, however, is here made to the mesozoic geology of the Sergipe- 
Alagoas basin. The writer has not been able to locate this opinion of Mr. Darwin, and 
does not know upon what evidence it is based, but from the limits of his (Darwin’s) ob- 
servations in Northeastern Brazil, it is presumed that such an opinion by Mr. Darwin 
must necessarily have been based upon evidence accumulated by him in the Argentine 
Republic and Patagonia. ; : 


In his “ Contributions” Dr. White gives the following reasons for calling the rocks 
of the Sergipe-Alagédas region cretaceous (p. 15): ‘“ First, the majority of the types are 
such as are generally regarded as characteristic of that period. Second, a portion of the 
species are identified with published species of undisputed cretaceous fossils in other 
parts of the world. Third, although some of the species have a jurassic aspect, none of 
them are identifiable with any known jurassic species. Finally, as all the collections 
have been shown to belong to one fauna, and a part of its species to be certainly of cre- 
taceous age, the whole fauna must necessarily be referred to that period.” This decision 
is somewhat weakened, however, by a statement (on p. 6) to the effect that “while 
such a conclusion would, I think, have been reasonably reached from a study of 
the fossils alone, much reliance has been placed in the corroborative testimony of the 
geologists of the Brazilian Survey.” 


If the members of the former Brazilian survey were now asked to give their 
reasons for calling these rocks cretaceous, they would lay all stress upon Dr. White’s 
determinations and none at all, or very little, upon any evidence that has been 
adduced from stratigraphic relations, simply because, as has already been said, those 
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relations have, as yet, thrown but little or no light whatever upon the age of these 
particular beds. 

In the mind of one acquainted with the mesozoic geology of Brazil, this fact 
stands forth prominently: that while Dr. White’s conclusion that these beds are cre- 
taceous, must be accepted, the fauna presents peculiarities of its own in the jurassic 
facies of the Sergipe-Alagéas fossils. Another peculiarity of this cretaceous fauna of 
Brazil is that certain of the typical genera, as Dr. White says, if found alone, would 
be referred to the tertiary. It may be due to the incompleteness of the collections 
made, but as far as we know these tertiary forms, Fusus, Murex and Phorus,* occur 
only in the Pernambuco and Paré collections, and not a single example is reported 
from the Sergipe-Alagéas basin; while, on the other hand, not one of the jurassic 
forms is reported from the Pernambuco or Para beds. 

Thus far the writer has spoken of the mesozoic beds of this region as a whole. 
Let us now ascertain, if possible, whether or not both jurassic and cretaceous beds 
exist here, and whether this apparent mingling of faunas may not be due to bad 


collecting. 
The Stratigraphic Relations of the Mesozoic Beds. 


The general relations of the rocks of the separate groups are shown in the sec- 
tion through Itabaidna, and it only remains to indicate the relations of the mesozoic 
beds to each other. The details of these relations throughout have not been determined 
with any degree of satisfaction, the time spent in the province having been taken up 
entirely either in hasty reconnoissance or in collecting fossils. In the few more import- 
ant instances in which these relations are known they are shown in the accompanying 
illustrations. In view of the very interesting departure of the fauna of this group 
from what would be regarded as a typical cretaceous fauna, the lack of detailed 
information upon this subject is the more to be regretted. 

In Prof. Hyatt’s paper upon the cephalopods of this region, no definite locality 
is mentioned for these fossils than “the cretaceous beds at Maroim.” I learned 
from Prof. Hartt subsequently that this collection was taken, almost entirely, from 
the paving stones in the streets of Maroim. Now the quarries from which these 
paving stones came are so numerous and at such different horizons, that these fossils can- 
not be located stratigraphically, and for this reason, no valuable paleontological deduc- 
tions can be made from them in determining the faunal characteristics and relations 
of the separate beds in the vicinity of Maroim. ER 

* This statement is made solely upon the authority of Dr. White’s opinion as expressed in his “ Contributions to y 


the Paleontology of Brazil,” p. 17. But inasmuch as Fusus, Murex and Xenophora Sat ie: begin in the an rag 
or earlier, it seems to be of doubtful value. “ 
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One of these cephalopods, however, Ammonites (Buchiceras) harttii, Hyatt, as it 
appeared afterwards, came from the locality known as Bom Jesus. The jurassic 
aspect of this fossil and the eroded condition of the specimens led Prof. Hyatt to 
suggest the possibility of its having been transported from some older deposit. 

The section given herewith shows the relation of the Bom Jesus beds to others 
of this group. 


LARANGEIRAS Firo SERGIPE MAROIM 
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Three sections in the Sergipe-Alagéas basin. (The heavily shaded beds yield fossils of jurassic aspect.) 


The Bom Jesus beds occur in the hilltops east of the town of Larangeiras. The 
rocks are earthy, arenaceous limestones which are readily attacked by disintegrating 
agencies, and have, therefore, been rapidly converted into residuary earths. The 
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fossiks occur, for the most part, lying loose in the road where they have constantly 
been ridden and walked over, or are imbedded in the black residuary earth that 
covers these cretaceous hills. In many cases, however, there are irregular blocks of 
the matrix preserved along with the fossils, The worn appearance of a great many of 
the specimens from this locality is due to two causes: one is the rapid dissolving 
action of the rain-water, which when raised to a high temperature by falling upon the 
hot rocks, attacks them vigorously and leaves an etched surface such as is produced 
by acid acting upon a calcareous sandstone ; the second is the wearing of the rocks 
against each other where they are constantly walked and ridden over in the road. 
There is nothing in the rocks themselves, in their topographic position, or in their rela- 
tions to the underlying strata to lead one to suppose that these fossils have been carried 
here from a lower geologic hcerizon. 

Attention is called to the relation of the Bom Jesus beds to those of Larangeiras 
and Pedra Furada, and to the fact that the Larangeiras beds are the equivalents of 
those of Lastro, etc., at Maroim, and of those of Urubt on the Rio Sergipe. 


At Maroim the Lastro beds are overlain by a similar cephalopod-bearing forma- 
tion, that of Garajau, which yields other fossils of jurassic aspect, while those of 
Urubu, the equivalents of the Lastro beds, overlie others of decidedly jurassic facies. 

We have then the following arrangement of the strata: 

1. At the top are the Garajau and Bom Jesus beds, yielding fossils of both creta- 
ceous and jurassic aspect. | 

2. Beneath these are the Lastro, Jaque, Urubi, Imbira, Toque, Capoeira, Larangei- 
ras, and Pedra Furada beds, whose fossils are all referable to the cretaceous. 

3. Beneath these are the beds of Porto dos Barcos, Trapiche Maior, Trapiche das 
Pedras Novo, Trapiche das Pedras Velho, and Coqueiro, all of which yield fossils of 
both cretaceous and jurassic aspects.. 


As the jurassic aspect of both the underlying and the overlying beds might tend 
to throw doubt upon the reference of those of Uruba, Lastro, etc., to the cretaceous, 
I can only refer to Dr. White’s able discussion of this subject in his “ Contributions ” 
(pp. 15-16), where he shows that the weight of evidence favors the cretaceous age, 
not only of those particular beds, but of the entire Sergipe-Alagdas series. 

It is no longer cause for surprise that beds of decided jurassic aspects are found 
overlying others of just as marked cretaceous aspect. Dr. Blanford, in his presiden- 
tial address before the Geological Section of the British Association at Montreal in 1885, 
laid timely stress upon these apparently anomalous conditions existing in India and 
South Africa, and to the grave difficulty or impossibility of an exact and minute 
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correlation of the beds deposited in such widely separated regions as Europe, South 
Africa, India, Australia and South America. 

It is worthy of note also in connection with the discussion of the mesozoic and 
tertiary rocks of Brazil that the fossils of jurassic aspect are confined to the Sergipe- 
Alagoas basin and to the Crato district in Cearé,* while those which have a tertiary 
aspect are, so far as they have been worked out, entirely from the Pernambuco and 
Piabas_basins.+ 

Inasmuch as the divergencies between the faunas of the Sergipe-Alagéas basin and 
the Pernambuco basin tend to associate the former with the older and the latter with 
the newer geological horizons, the probability is naturally suggested that the Sergipe- 
Alagéas beds are more nearly synchronous with those of Crato in Ceara which are 
referred by Newberry and Cope to the jurassic, while the Pernambuco beds are similarly 
related to those of Piabas in the province’ of Para. 


THE CONDITIONS ATTENDING THE DEPOSITION OF THE MESOZOIC BEDS. 


The rocks represented in the sedimentary beds of the Sergipe-Alagéas sections vary 
from the coarse conglomerates at the base of Itabaiana and lying in contact with the 
gneiss, through sandstones, quartzites, shales, slates and dolomitic limestones all of possi- 
ble paleozoic age. In the mesozoic beds the rocks are sandstones, coarse, fine, and 
often calcareous. These are variously colored from dark red through brown to cream 
colored. The limestones are arenaceous, partially crystalline with flint nodules, 
oolitic and cherty. 

The nature of these mesozoic beds indicates that the changes which took place 
during their deposition were not very great or very sudden. The sandstones lie at or 
near the base of this series, the oolitic beds follow, and the soft limestones are the 
highest ones seen. 

The order and character of these beds appear to indicate a gradual subsidence 
of the region from the beginning to the end of the cretaceous. The basal sandstones 
often contain pebbles the size of a partridge egg, and sometimes the fossils are rolled 
and water-worn, showing that they were deposited in tolerably strong currents and 
near the shore. The earthy limestones and oolitic beds which follow indicate an 
increasing depth and quieter waters, while the uppermost beds have been deposited 

* See opinions of Dr. J. S. Newberry-and Prof. E. D. Cope concerning the fossil fishes of Cear4 in Proceedings of 
the American Philosophical Society, Vol. XXIII, Jan., 1886. 
+See Dr. OC. A. White’s ‘“‘Contributions to the Paleontology of Brazil,’’ p. 17, and Prof. E. D. Cope in the Pro- 


ceedings of the American Philosophical Society, 1886. In the latter paper Prof. Cope compares the Pernambuco ver- 
tebrate fossils with those of the Fox Hills (upper cretaceous) of the United States. 
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in still deeper and quieter water than any of the lower ones, are more homogeneous, 
and contain the remains of fishes and a few cephalopods. No shallow water animal’s 
remains have thus far been found in them. Then followed the pressure that folded 
broke, and in places, partially metamorphosed, the cretaceous beds. This ended the 
depression of the ocean’s bottom. 

Pressure.—The cretaceous beds of the Sergipe-Alagéas basin have been sub- 
jected to more or less pressure, though this pressure has not been uniform. 

The following are the evidences of such pressure: 

1. Many of the fossils collected in this region are more or less crushed or other- 
wise distorted. 

2. The beds as seen near Maroim, at the Lastro, and at other places along the 
Maroim arm of the Rio Sergipe, and especially along its western bank, are thrown 
into folds. . 

3. Slaty cleavage is noticeable in the Ilha do Chaves, a mile below Propria. 

4, Superinduced cleavage and joint structure are seen in the sandstones of the 
Serra d’Itabaiana and ia those of the Serra de Mardba.* 

Jn some localities the limestones are metamorphosed, and their fossils completely 
obliterated, while in many other places the obliteration of the fossils is but partial. 

The folds in these rocks indicate that the pressure by which the region was dis- 
turbed came from the south-east. Although this pressure was sufficient to flex the 
cretaceous beds, and, in places, to metamorphose them more or less, there is nothing 
to show that it was great. The flexures are usually gentle and the rocks seldom dip 
at a high angle, as will be seen from the accompanying table of dips. 


ECONOMIC. 


It is not to be wondered at that the popular notion that precious metals must 
occur in all mountainous regions, has led to the supposition that the serras of Itabai- 
ana and Maraba are auriferous. These mountains have been examined repeatedly in 
the search for gold, silver and what not, but without success. As long ago as the 
seventeenth century they were explored and found barren of such riches. At the 


* Certain other sandstones of this region are partially metamorphosed. In some places this metamorphism is com- 
plete, while in others it is but slight. There seems to be some doubt as to the exact place of these metamorphosed 
sindstone beds in the series, but the weight of testimony seems to show that they are tertiary. The metamorphism of 
these particular beds cannot, I think, be adduced in support of the theory of pressure, for it is entirely due to 
weathering. , 

+ ‘‘Within the jurisdiction of this captainship (‘Sergipe del Rey’) is the mountain of Tabayana ; from whence 
several valuable ores were presented to the council of 19; but, upon proof, were found not worth farther looking 
after.” 1641. Voyages and Travels into Brazil by John Nieuhoff. Pinkerton’s Voyages, Vol. XIV, p. 706. _ 
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time when the gold and diamond diggings of Brazil were at the height of their suc- 
cessful operation, extensive explorations were carried on in these mountains. Even 
during the last twenty years such explorations have not entirely ceased, though they 
have never given any promise of success. 

There is nothing in the geologic structure, as far as it is known, to lead one to 
expect deposits of economic value in the mountains of Sergipe and Alagéas. 

It is possible that from the soft chalky beds at Andorinhas and Sapucary com- 
mercial chalk could be manufactured, though I have nothing beyond the general 
appearance of the rock to lead me to this supposition. It may be worth testing for 
this purpose. The tertiary beds would yield mineral paints of various red, yellow 
and brown colors, but owing to the absence of demand for such paints in Brazil, they 
would have no value at present. 

The last member of the tertiary beds, the conglomerate which is scattered far 
and wide over the region, yields some limonite iron ore, but this ore has not been 
found in any considerable quantity as yet, and in view of the vast deposits of excel- 
lent iron ores in Sao Paulo and Minas Geraes, it is scarcely possible that a limonite 
ore could be profitably handled in this part of the Empire. 

There were the usual reports through the province, at the time of my stay, of 
the discovery of coal, silver, copper, lead, etc., but in no case did I find such reports 
_ well founded or worthy of serious attention. The coal said to have been found at 
Campo Redondo was the charred remains of a tree buried in the tertiary clays, while 
the copper discovered in the same neighborhood was a piece of the manufactured 
metal. 

Building Stone-—The time will doubtless come when the’ beautiful oolitic lime- 
stones of the Rio Sergipe will be utilized for architectural purposes. This stone 
resembles the famous oolitic limestones of Indiana, so highly prized and extensively 
quarried and used in the United States for building purposes. 

The ease with which the Sergipe rocks can be quarried and sawed and cut into 
blocks of any size and shape, its hardening upon exposure, its rare beauty, its pleas- 
ing tints of green, gray, brown, and cream color, its convenience to transportation by 
water to Aracaji and thence by sail and steamer to all parts of the Brazilian coast, 
may yet make it a successful rival of the beautiful crystalline rocks of Rio de 
Janeiro. 
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Part II. 
THE BRAZILIAN MESOZOIC BASINS OTHER THAN THAT OF SERGIPE-ALAGOAS. 


In order that the relations of the Sergipe-Alagéas basin to the mesozoie geology 
of other portions of Brazil may be the better understood, brief descriptions are here 
given of all the other known mesozoic localities in Brazil. The locality in the bay of 
Sao Francisco, Province of Santa Catherina is here described for the first time. 


SAO FRANCISCO DO SUL, PROVINCE OF STA. CATHERINA. 


Of the cretaceous rocks at this place but little is known at present, and that lit- 
tle is due to a small collection of fossils made here in 1876, by Mr. Luther Wagoner, 
then topographer on the Imperial Geological Survey of Brazil. As the specimens 
brought away by Mr. Wagoner were collected incidentally, no observations were 
made by him of the extent of the deposit, and no one seems to have given the matter 
attention since that time. The writer visited the place in 1881, but as he was there 
one night only, he was unable to gain any knowledge of it. The position of the out- 
crop suggests that this rock may underlie the country about the bay of Sao Francisco. 
It certainly does not appear in the surrounding hilly country. 

Lithologically it is a brown, earthy, calcareous sandstone resembling that found 
at Olinda in the province of Pernambuco. It was observed only upon a small island 
about six miles from the port and covered only about one acre. 

The outcrop, Mr. Wagoner tells me, is very inconspicuous, near the water’s 
edge,* and suggests the geology of Bahia and Maria Farinha, except that the expo- 
sure is very limited. The specimens collected contained among others a number of 
fossil gasteropods. It should be stated here that this reference of these beds to the 
cretaceous is not based upon a detailed study of the fossils, but mainly upon the 
striking general resemblance of the fossils to those found in the cretaceous beds fur- 
ther north. It is to be regretted that this small collection of material was not sub- 
mitted to Dr. White in connection with other mesozoic material collected by the Bra- 
zilian Survey. Of the relation of the cretaceous at this place to the older rocks noth- 
ing is known. 


*It was suggested at the time that these specimens might be fragments carried to the place as ballast, but Mr, 
Wagoner was confident that this could not be the case, for the rocks do not occur in fragments, but in a solid bed. ac] 
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THE ABROLHOS. 


This locality is described by Prof. Hartt in the American Naturalist, Vol. IJ, 
March, 1868, and in his Geology and Physical Geography of Brazil, pp. 174-214. It 
was not visited by the writer, and the following facts are taken from Hartt’s writings 
and from the series of photographs made there in 1876 by Mr. Ferrez, the photog- 
rapher of the Brazilian Survey. For further details reference should be made to 
Prof. Hartt’s book. 

The sedimentary rocks bear a close resemblance lithologically to those of Penedo 
in the Sergipe-Alagéas basin, and they seem to be referred to the cretaceous largely 
on account of this resemblance. They are made up of arenaceous limestone (?) be- 
neath, blue shale above, followed by a yellowish shaly sandstone containing obscure 
plant impressions. ‘These sedimentary beds are covered by igneous rock, and they 
all have a north-westerly dip at an angle of from ten to fifteen degrees. Neither 
the thickness nor the superficial distribution of these rocks is given, but both the size 
and the height of the islands preclude the possibility of either great thickness or ex- 
tensive distribution. » 


THE BAHIA BASIN. 


The geology of this basin has been written upon by Pissis, Hartt, Allport, Derby, 
Rathbun, Marsh, Cope, and White. The description and discussion by Mr. Derby, 
published in the Archivos do Museu Nacional, Vol. II, pp. 135-158, written after 
the most thorough exploration of the region that has yet been made and with all the 
facts in hand that had been accumulated by previous observations, is the most nearly 
complete that has ever been published. 

The cretaceous rocks of the Bahia basin were deposited in a fresh-water lagoon, 
and are therefore quite distinct from those of the cretaceous beds along other portions 
of the coast. The limits of the basin have never been determined except in a very 
general way. The following outlines are taken mainly from Mr. Derby’s paper above — 
referred to. 

The eastern margin of the basin extends from the city of Bahia to the station of 
Cati on the Bahia and Sao Francisco railway, a distance of fifty-four miles. The 
western limits are buried beneath the tertiary hills near Cachoeira and end somewhere 
east of Nazareth, while the eresion of these tertiary beds gives the margin of the creta- 
ceous exposures a ragged edge, outliers or buttes of the tertiary being scattered here 
and there throughout the central portion of the area. The northern margin is buried 
beneath the tertiary plateau which extends from near Cachoeira north of Sto. Amaro, 
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and crosses the Bahia and Sao Francisco railway at Pojaca. The south end of the 
basin has been, cut away by the ocean, the island of Itaparica having been included 
in it. 

Near Inhambiupe, about thirty miles north-east of Alagoinhas, Mr. Derby found 
disturbed beds of schists, sandstones and limestones, which he is disposed to refer to 
the paleozoic. It is unfortunate that he does not report the dip of these supposed 
paleozoic beds. "While on the Rio Joannes on the east side of the basin he saw the 
cretaceous lying inconformably against the gneiss. 

The cretaceous rocks of the basin-are conglomerates, sandstones, shales and lime- 
stones. The invertebrate fossils are described by Dr. White in his Contributions to 
the Paleontology of Brazil. 

Of these fossils Dr. White remarks, that “all the types which the fauna em- 
braces, so far as they are determinable, are represented among mollusks now living” 
and that “a part of these types are at present known to exist or have existed only 
upon the western hemisphere.” 


THE PERNAMBUCO BEDS. 


The most southerly exposure of the mesozoic beds seen in the province of Per- 
nambuco, by the writer, was near the month of Rio Formozo. This exposure, how- 
ever, seems to be the northern extension, and near the end, of the Sergipe-Alagéas 
beds, as has already been suggested. But whether it is or is not the continuation of 
the former, these Rio Formozo mesozoic beds do not pass to the northward of Cabo 
Sto. Agostinho, along the oceanward side. This cape is of quartz-porphyry,* and on 
three sides is built against unconformably by particolored tertiary beds of sands and 
clays, a characteristic view of which is given in the part of this paper treating of the 
tertiary deposits.— Whether the mesozoic beds underlie the tertiary on the landward 


* Specimens of the crystalline rocks from the vicinity of Cape Sto. Agostinho, one from Estacio da Ilha, collected 
by Professor Hartt, and two from the island of Sto. Aleixo, collected by the writer, were prepared for microscopic 
examination and submitted to Dr. George H. Williams, of Johns Hopkins University, Baltimore. Concerning these ~ 
specimens Dr. Williams writes: ‘‘* * * They must be described as quartz porphyries or rhyolites, according as — 
they are of pre-tertiary or tertiary age. They are quartz orthoclase aggregates with almost no bisilicate constituents, 
but their structures are very varied. One of the specimens from Sto. Aleixo has a granular, holocrystalline ground- 
mass of quartz and feldspar, some chlorite, possibly representing original hornblende or mica, and considerable blue 
tourmaline. The other Sto, Aleixo specimen is a fine granophyre. Porphyritic quartz and feldspar lie ina holocrys- 
talline groundmass which is filled with beautiful spherulites showing the black cross between crossed nicols. The 
specimen from Estagio da Ilha has large porphyritic sanadines with chlorite inclusions which were once glass. The 
groundmass is mostly composed of rectangular sanadines with much finely disseminated chlorite and iron hydroxide. 
Magnetite octahedrons and beautiful zireons are abundant. There is no nephelene in any of these rocks, = 


} See page plate of “The Ruinas de Palmyra.” 
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side of the cape is not known, and it has been assumed that they do not, although 
there is nothing in the topography of the region to make such connection between the 
Sergipe-Alagéas beds and the Pernambuco beds impossible. 

At Olinda the cretaceous rocks are exposed in the southern face of the hill upon 
which the church stands. ‘The rocks are soft, earthy, somewhat calcareous, fossilifer- 
ous sandstones. This and an exposure of white limestone a short distance west of it, 
and known as the Forno de Cal, are the only exposures of cretaceous rocks now 
known in the immediate vicinity of the city of Recife, the next one to the north being 
in the vicinity of Rio Maria Farinha. 

The region, rocks, and fossils of the Maria Farinha beds have been described 
by Rathbun in his paper upon the cretaceous lamellibranchs,* and by Derby in Dr. 
‘White’s contributions,; and only such of their characters as may be useful for future 
comparison with the other cretaceous localities of the coast need be mentioned here. 
Lithologically the beds vary from cream-colored and white pure limestones to earthy 
sandstones, all of which dip at a very low angle to the east. They are undisturbed, 
and none of the beds are oolitic in character. It is to be remarked that, of the several 
fossils of jurassic aspect in the Brazilian collection described by Dr. White, none 
have been found at the various Maria Farinha localities. It is also noticeable that 
all of the genera in this collection suggestive of the tertiary age are represented in 
the Maria Farinha locality, but none of them have been found at the Sergipe-Alagdéas 
localities. These facts seem to suggest, at least, that the Pernambuco beds are not 
so old as those of the Sergipe-Alagéas region from which the collections were made. 

It is the opinion of the writer, though it is expressed with that hesitation which 
should come from a lack of sufficient facts to support it properly, that the Maria 
Farinha and Olinda beds belong to the same horizon as those exposed three miles 
south-east of Penedo at Villa Nova, and that the latter overlie all the cretaceous beds 
from which the collections were made in the province of Sergipe. 

The extent of the Pernambuco deposits has not been determined, even approxi- 
mately, and it is not known, perhaps cannot be from surface exposures alone, whether 
the Olinda beds are, or ever were, connected with those of Maria Farinha, and whether 
the latter are continued by those found at Iguarassi and Goyanna, or whether those 
at Parahyba are also a continuation of the Pernambuco beds. 

The coast between Olinda and Maria Farinha is low, and there are no rock ex- 
posures along it to aid one in connecting the two localities. From near Maria Farinha 

* Preliminary Report on the Cretaceous Lamellibranchs collected in the vicinity of Pernambuco, Brazil. By Rich- 


ard Rathbun. Proc. Bost. Soc. Nat. Hist., XVII, 1874, pp. 241-256. 
+ Contributions to the Paleontology of Brazil. By C. A. White. 
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to near the mouth of the Rio Parahyba do Norte the coast is formed of a series of 
soft, horizontally bedded, particolored tertiary sands and clays which are readily cut 
and washed away by the ocean, the talus of which obscures any beds which might 
otherwise appear at their bases. 

Cretaceous beds are exposed on the low grounds of the island of Itamarica, 
while the tertiary beds form the higher lands.* The relative positions of the creta- 
ceous and tertiary upon this island favor the opinion that these same relations con- 
tinue northward, and that the cretaceous of Parahyba is simply the northern exten- 
sion of the Pernambuco beds. It is possible that a careful examination at low tides 
of the beds along the coast and streams from Itamarica to Parahyba would settle this 
question. 

No rocks referable to the paleozoic have thus far ~ found in the vicinity of 
the Pernambuco basin. 


THE PARAHYBA EXPOSURES. 


No examination of the mesozoic exposures at Parahyba do Norte was made by 
any member of the Commissao Geologica, and the only information that we have of 
them is from a few brief notes by Williamson, Agassiz, and Capanema. The rocks 
are soft, impure, gray limestones, dipping gently to the east, and containing but few 
fossils. They occur near the city of Parahyba and at Minas da Cachoeira. Their oc- 
currence at the latter place seems to add to the probability that the Parahyba beds 
are simply a northerly continuation of the Pernambuco beds.f I have been unable to 
obtain information regarding the age of the beds immediately underlying the ereta- 
ceous rocks of Parahyba. 


THE MESOZOIC BEDS OF CEARA AND PIAUHY. ’ 


Our knowledge of the cretaceous beds of the interior of the province of Ceara 
is derived almost exclusively from the observations and collections of Gardner made 
just fifty years ago. With the exception of Capanema, the many writers who eS. 


\ 


to these beds have derived their information from him. 
The facts of most importance brought out by Gardner are the geological section 


* Relatorio dos Trabalhos da Commissio Geologica do Brazil, por Ch. F. Hartt, Rio de Janeiro, 1875, p. 10. _ 

ft Among the fossils sent Dr. White from the Museu Nacional at Rio were some broken specimens of Toxaster altius- 
culus White, taken from the walls of the fort at the mouth of the river. As these specimens were collected by myself, I 
quote from my field notes written at the time, November the 25th, 1875 : ‘‘I found some echinoderms and shells in the 
walls of the old Dutch fort, at the mouth of the Rio Parahyba, but upon inquiring for the quarry from which the : 
stone came, I was told that it was brought from Europe; at least that there are no W bperep? in the neighborhood yield- ' 
ing such stone.’’ > apes 
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of the Serra do Araripe, which, beginning at the base, consists of horizontal beds of 
lignite, limestone, sandstone, with chalk and flints, the sandstone stratum forming the 
mass of the plateau. The total thickness of the section is from 1200 to 1500 feet. 
The underlying rock appears to be slate, presumably paleozoic. The fossil fishes 
found occur in concretions scattered about the surface, which he supposed to have 
been water-worn. The exact position of the fossils in the section is not known. 
Gardner believed them to have been weathered from the sandstone bed, but Hartt, 
who, however, never visited the locality, expresses the opinion that they come from a 
bed beneath the sandstone, which he thinks, together with the overlying beds, belongs 
to the tertiary. The serra here spoken of trends N. N. E., and is an elevated plateau 
about thirty miles wide, cut down rather abruptly on both sides, the valley on the 
Ceara side being lower than that on the western or Piauhy side.. The geographic dis- 
tribution attributed to these beds by Gardner, that is, from this point to Maranhao, 
is not warranted either by the facts given by him, or by any that have subsequently 
come to light. The fossil fishes collected at and about Crato, by Gardner, were de- 
scribed by Agassiz, who believed them to be of cretaceous age.* It should be men- 
tioned in this connection, however, that Dr. J.S. Newberry and Dr. E. D. Cope 
regard these fishes as of jurassic age.+ 


OTHER CRETACEOUS EXPOSURES. 


Itio Mossoro, Province of Rio Grande do Norte-—The exposure of the creta- 
ceous on the Rio Mossoro in Rio Grande do Norte was reported by Major Coutinho. 
Nothing is known of the character of the beds or their geographical distribution. 
V. Dr. White’s Contributions, p. 10, foot-note. 

fio Piébas, Province of Paré.—Concerning the Piabas locality I personally 
obtained from Snr. Ferreira Penna substantially the same information as that fur- 
nished Professor Hartt, and given in Dr. White’s Contributions, p.9. Snr. Penna 
assured me, however, that he had never seen these rocks exposed elsewhere than at 
the mouth of the Rio Pidbas where they are uncovered at low tide. He found the 
exposure while making a trip along the coast in a small boat, and spent but a few 
minutes in making the collection from which Dr. White describes so many species. 

Rio Stio Francisco above the Falls of Paulo Affonso.—The secondary nature of 
some of the rocks of the Sao Francisco valley above the falls was first made known 

* Edinburgh New Philosophical Jour., Jan., 1841. 
+A Contribution to the Vertebrate Paleontology of Brazil. By E. D.'Cope. Proc. Am. Phil. Soc., January, 
1886, pp. 1-21. The opinion of Dr. Newberry is quoted as here cited. It should be stated, however, that there is 


possibly a mistake in crediting him with this opinion, for in a recent’ conversation with the writer, Dr. Newberry re- 
ferred to these fossils as of cretaceous age. 
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by Mr. Derby in his article published in the Archivos do Museu Nacional, Vol. IV, 
for 1879 (published in 1881). These are horizontal beds exposed in the isolated hills 
which extend along the left bank of the river from near Piranhas to Itaparica, but 
they form more continuous chains from the serra de Tacarati toward the interior, 
while what appear to be plateaux of the same rocks stretch away to the south of the 
river also. In the immediate neighborhood of the river they are continuous from near 
the mouth of Pajet to Itaparica. Above Pajet, hills, apparently of these same rocks, 
stand back from the river and overlie the gneiss. These beds contain silicified wood 
in abundance, besides a few other fossils. At a place called Atalho, fossil eyprids, 
bones, teeth, and scales of fishes and of reptiles have been found. At Caissara several 
leagues further up the river these beds occur again. 

The only determination-of any of these fossils made by Mr. Derby was that of 
scales of Lepidotus. He ventures the opinion that they are secondary and prob- 
ably cretaceous, resembling somewhat the fresh-water cretaceous of Bahia. 

I regard the discovery of these deposits by Mr. Derby as one of great import- 
ance in the study of the mesozoic geology of Brazil, for this locality seems to furnish 
the facts necessary for the determination of the relations between the coastal beds of 
the Sergipe-Alagéas region and the interior, and somewhat more elevated, beds of 
Ceara. 

Rio Purus, Valley of the Amazonas.—The only unquestionable cretaceous de- 
posits thus far known in the Amazon valley are on the Rio Aquiry, an affluent of 
the Rio Purts. These deposits were discovered by Chandless and are very briefly 
described by him in an article published by the Royal Geographical Society, Vol. 
XXXVI, p. 119 et sey. The Aquiry enters the Puris on the right in latitude 8° 45’ 
South, longitude 67° 23’ West. From the mouth of this stream to 11° South latitude 
the water, when low, uncovers rocks in the middle of the stream, in which fossils are 
found. Vertebrz from these beds were seen by Agassiz at Manaus, and he pro- 
nounced them to be those of Mosasaurus. Nothing is known of the general charac- 
ter or extent of these beds. The theory that the cretaceous outcrops around the rim 
of the Amazonian basin is not supported by any known facts. 


CORRELATION OF THE MESOZOIC OF THE COAST AND THE INTERIOR. 


Owing to the lack of knowledge of details a very brief discussion of the rela- 
tions of the mesozoic beds along the coast with those of the interior is undertaken 
with much hesitation. Indeed, were it not that this subject has already been touched 
upon by Mr. Derby in such a manner as to lead geologists to suspect that we have 
here unusual and very peculiar conditions, it would not be attempted at all. 


” 
F. 
* 
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It will be observed upon the small map on this page that, besides the small basins 
along the Brazilian coast, there are, leaving the Puri exposures out of account, two 
mesozoic localities at some distance from the coast, one at and about Crato in Ceara, 
another about Tacaratt, a short distance above Paulo Affonso, in the valley of the 
Rio Sao Francisco. 

The cretaceous beds of the Sergipe-Alagéas basin overlie paleozoic rocks, those 
of the Sao Francisco basin appear to overlie metamorphic rocks, which may be either 
paleozoic or archzean, while the Ceara beds overlie slates which are probably paleozoic. 
The region separating the Sergipe-Alagéas ex- | 
posures from those of the Sio Francisco basin eae ell) | 
are granitic and metamorphic, while metamor- YARED) 
phic rocks lie between the Ceara exposures and 
the sea coast. If we take into consideration the — 
cretaceous basin of Bahia we find that also sep- 
arated from the exposures of the Sao Francisco 


AM TING 
oF 


basin by crystalline and metamorphic rocks. 


Gardner reports fossil fishes in the vicinity 
of Jardim, a town south-east of Crato. The 
serra de Tacarati on the northern side of the 
Rio Sao Francisco above the falls of Paulo 
Affonso is said by Mr. Derby to be composed of | 
rocks of secondary age. This serra is about one Hf 
‘hundred miles south-east of Jardim, but Mr. 
Derby says* that “ these secondary deposits be- 


EasTERN BRAZIL 
SHOWING 


THE DISTRIBUTION 
OF THE 


KNowN MeSOzOIcEXPOSURES- 
1988, 


come more continuous and form a long line of eee. 
hills, which beginning with the serra de Taca- —~— 
rat stretches away into the interior of the province of Pernambuco.” The inter- 

| vening country has not been examined, but it seems highly probable then that the 
Tacaratt beds are the southern extension of those of Crato and Jardim. 

As nothing is known of the details of the mesozoic geology of the Mossoro 
basin, nothing can be ventured regarding it furthér than that its proximity to the 
Crato exposures naturally suggests that the beds of the two localities are identical, 
the intervening beds having, in all probability, been removed by erosion. 

Mr. Derby intimates thdt there is something peculiar about the relations of 
the coastal mesozoic beds to those of the interior. The objection offered by him to 
the correlation of the Ceara and the Sio Francisco valley beds with those along the 

* Archivos do Museu Nacional, Vol. IV, p. 92. 
BaP. B= VOl. XVI. 22, 
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coast, namely, that they stand at different elevations, reduces itself to the suggestion 
of a classification of geological formations by comparative elevations.* If all the beds 
of the cretaceous both upon the coast and the interior were found to be perfectly 
horizontal, with no evidences of faulting between, we might possibly be justified in 
such an assumption. The position of the Sergipe-Alagéas beds, however, shows that 
this is not only not the case, but that in this basin, at least, the beds have a very 
decided dip toward the ocean, while their inland margins rise to a height of from 400 
to 500 metres or more where they overlie the paleozoic beds of the Itabaiana. At 
their inland margins they rise to the same elevation above a large number of expo- 
sures of the same beds at tide level near the coast. If no connection had been traced 
out between these Sergipe localities we should be obliged, according to this hypsome- 
tric classification, to separate these beds geologically. This suggestion must be 
regarded, therefore, as a geological non sequitur. Mr. Derby assumes also that the 
coastal cretaceous beds do not reach an elevation greater than 100 metres above tide. 
This is erroneous. The serra of Itabaiana is, according to Mouchez, from 700 to 800 
metres above tide, and the cretaceous beds overlie the paleozoic beds of Itabaiana to 
within 150 metres of its summit, which would make the elevation of the cretaceous 
at this place above tide about 600 metres. 

According to the elevations along the Rio Sio Francisco, determined by Col. W. 
Milnor Roberts, the river near Tacarata and in the vicinity of the secondary beds 
reported by Mr. Derby, is 3820 metres above tide, and, according to him, the hills to 
the north are about 300 metres above their bases,} or, say 620 metres above tide. - 

The Ceara beds, according to Gardner, rise to an elevation of 600 metres above 
tide, which would also indicate that, as far as elevations are concerned, there is no 
important difference between the interior and the highest of the coastal deposits. But 
I lay no stress upon this elevation of the coastal beds, for, to my mind, it is a matter 
of but little importance, and I return to my original statement, that even if there 
were very marked differences of elevation, nothing could be deduced therefrom 
in regard to the relative geologic ages of the beds of the various localities. ‘The ele- 
vation of the Brazilian coast has not been an even one, and there is certainly no rea- 
son for supposing that it would be. The elevation or depression of coast lines, and 
especially of lines as long as that from Rio de Janeiro to the mouth of the Amazon, 
has seldom or never been known to be even or regular. It is true that the tertiary 
beds along the Brazilian coast have a generally horizontal position, but this appear- 

* “Tt is difficult to admit the contemporaneous deposition of beds at such different elevations,” Archivos do 


Museu Nacional, Vol. IV, p. 94. ; cae 
+ Archivos do Mus. Nac., 1879, Vol. IV, p. 91. j 
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ance does not conflict in any respect with the idea of unequal elevation, for this eleva- 
tion would need to be very unequal indeed to make itself perceptible to the unaided 
eye.* 

All of the little evidence we have seems to suggest the identity of the coastal 
with the inland beds—certainly it does not suggest any obstacle to their correlation. 

Agassiz pronounced the fossil fishes, collected by Gardner, cretaceous, while 
Newberry and Cope believe them to be of jurassic age. Dr. White pronounces the 
majority of the Sergipe-Alagéas fossils to be cretaceous, though he and Prof. Hyatt 
declare many of them to have a jurassic aspect. If these facts suggest anything in 
regard to the relations of the rocks to these localities, it is that the probabilities favor 
their, at least, approximate identity. While I cannot, of course, maintain this corre- 
lation, I must, at least, dissent from a separation without better evidence than has 
thus far been adduced. 


* See Géologie du Brésil, par Emmanuel Liais, p. 249. 
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Part III. 


THE TERTIARY. 


The thorough understanding of the tertiary geology of Brazil, not to say of 
South America, would, in my opinion, be of more interest and value to geology than 
that of any other geologic horizon represented on that continent. A full discussion 
of it cannot be undertaken here, is not intended, and indeed would be impossible with- 
out a vast amount of field work. The formation is too widespread and the questions 
presented by it too complicated to admit of discussion in this place, further than it 
relates to the geology of the Sergipe-Alagéas basin and to the cretaceous formations 
of the eastern coast. 

Tn Brazil this formation is represented by horizontal beds of sands and clays form- 
ing a system of marine terraces from 100 to 250 feet thick, extending from some- 
where between Rio de Janeiro and Bahia more or less continuously along the coast 
to the north, being especially prominent from about Maceio nearly to Cape St. Roque. 
In the Amazon valley they form the table-topped hills and are widespread from the 
Rio Araguay westward. The beds of the Amazon valley were thought by Agassiz 
to have been deposited in an inland lake during the glacial epoch. Pissis says that 
the marine tertiary beds of the coast are represented in the interior by beds of la- 
custrine origin. The origin attributed to the tertiary by Prof. Agassiz need not be 
discussed, as in all probability no one now admits its correctness, while a lack of 
knowledge of the lacustrine deposits of the interior renders the discussion of the 
theory of Pissis impossible. It must be admitted, however, that this theory of Pissis 
is a very plausible one, and such observations as the writer has made upon the geol- 
ogy of the interior of Brazil leads him to accept it as a favorite working hypothesis. 
In none of the supposed tertiary beds of the interior, at least in the provinces of Rio 
de Janeiro, Minas Geraes and Matto Grosso, has the writer found unquestionable 
evidence of the tertiary age of such deposits.* 

Character of the Beds.—The general features of the Brazilian tertiary haye been 
several times described by such good observers as Agassiz and Hartt. The uniformity 


* Since the above was written a letter, making inquiry concerning the tertiary, has been directed to Mr. Ji eB 
Mills, of ohn TeSRCeey es ane has ye in many parts of the Brent of Uren of mee Mr. - 
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in its general characters between such widely separated regions as the Amazonas and 
Sergipe or Bahia is worthy of note. The description by Hartt of the tertiary hills 
of Parauaquara* might have been written of some of the Sergipe exposures with the 
exception of the sequence of the various beds. The following is his section, begin- 
ning at the top: 

1. A few feet of fine, light, brick-red earth, consisting of a mixture of clay and 
fine sand. 

2. Red sandy clay with iron nodules. , 

3. Tauatinga clay, grayish-white. Heavy bed, not laminated. 

4, White clay, partly pure tauatinga, partly sand, resembling brick of two im- 
perfectly mixed clays. Bakes hard in the sun and resists denudation. 

5. White or cream-colored, soft, fine-grained sandstones. 

6. Variegated sandy clay. 

7. Argillaceous sandstone variegated with bands and mottlings of delicate shades 
of white, red, purple, brown and yellow. 

The following section was observed near Maroim, and may serve as a type of this 
formation along this part of the coast : 


1. Surface soil, sandy, 4 feet. 
2. Mottled red and white clays, 3 “ 
3. Brown sandstone, 1 foot. 
4, Chalky above, red beneath, 6 feet. 
5. Terra-cotta colored sandy clays, T “ 
6. Dark red, hard clays, Deen" 
7. Soft, light-brown sandstone, Sa 
8. Soft white sandstone, DER 
9. Soft earthy sand, 1 foot. 


10. Talus, principally from No. 7, 15 feet. 

Not enough attention was paid to the tertiary to enable the writer to say 
whether the sequence of the beds is at all uniform even within the limits of the Ser- 
gipe-Alagéas basin. | 

Evidences of the Age of this Formation.—The series of rocks here referred to 
the tertiary are so called upon stratigraphic evidence alone, for it is a very remarkable 
fact in regard to these beds that, widespread as they are, no fossils have ever been 
found in them, though diligent search was made for them by the writer, and doubtless 
also by others. But their relations to the cretaceous and their general resemblance to 
the tertiary beds of other parts of the world scarcely leave any doubt about the 

* Bul. Buf. Soc. Nat. Sci, Jan, 1874, | 
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correctness of this reference. What portion or portions of the European or North 
American tertiary they represent it is quite impossible to say. In general appearance 
the deposits bear a strong resemblance to some of the later tertiary formations of the 
Southern United States, though the materials of the two are derived from very differ- 
ent geologic sources. 

Absence of Fossils.—It is a peculiar feature of the Brazilian tertiary that with 
the exception of a few plants found in the Amazon region, fossils have never been 
discovered in it. That fossils should not be preserved in beds of such thickness and 
wide distribution, made up of strata of sands and clays variously commingled, is cer- 
tainly to be wondered at. The statement of the fact has often been questioned, and 
explained by the assumption that careful search has not been made for them. That 
they may yet be found is of course highly probable, but the writer has searched miles 
of exposures in vain for any recognizable trace of organic remains. . 

Several hypotheses suggest themselves in explanation of the non fossiliferous 
character of these rocks. After examining the geology of the Amazon region, ~ 
Agassiz concluded that an enormous glacier once moved down that valley, and built 
up across its eastern end a gigantic moraine; that as the ice melted the formations 
which are now believed to be tertiary were deposited from the cold, muddy waters 
flowing from the glacier into a great lake. This, to his mind, explained also the 
absence from these beds of organic remains other than leaves. But even if Prof. 
Agassiz’s theory of the origin of these Amazonian beds were accepted* it would not 
explain the absence of fossils from the same rocks along the south-eastern coast of 
Brazil. 

Two hypotheses are offered: The first is, that these rocks were deposited so 
rapidly, and from water so overloaded with mechanically suspended matter, that ani- 
mal life in them was impossible. It may be said in regard to this theory that while 
most of the tertiary beds are of a nature which would support it, there are many 
beds of clays and very fine sands which would hardly be deposited rapidly or from 
strong currents (see section on p. 410). 

The second hypothesis is that these beds once held organic rena bee that 
they have been dissolved out by infiltrating waters. 

Present Extent of the Tertiary.—The present distribution of the tertiary beds { in 
the Sergipe-Alagbas Desin cannot be given except in ana terms, but ee 


Davis, p. 47. 
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have no difficulty in knowing what is to be expected. It is much more widespread 
through the western than the eastern portion of the province of Sergipe, while in 
Alagoas it is represented by a succession of mutilated terraces. In the western part 
of Sergipe the dry, thirsty soil of this formation prevents the growth of important 
forests, and gives to it the name of agreste in distinction from the wooded cretaceous 
soil of the eastern portion. 


Near the coast, along the Sao Francisco river and the other larger streams of the 
region, there are scarcely any remnants of the tertiary to be seen, but as one recedes 
from the valleys, outliers of the tertiary become more and more common until it forms 
continuous taboleiros, deeply gashed at their margins and sometimes abutting uncon- 
formably against the paleozoic or cretaceous rocks of the serras. On the sketch map 
on page 386 the outliers of tertiary in the vicinity of Aracaji and Maroim are located 
approximately. The tertiary hills are, as a rule, characterized by having flat tops. It 
not infrequently happens, however, that small outliers have been so extensively eroded 
that the upper and most resisting bed of clay has been washed away and the lower 
beds haye broken down rapidly, leaving a more rounded and less characteristic topog- 
raphy. 

Toward the northern end of the basin the tertiary beds approach nearer and 
nearer the coast, until, north of Maceio, they form a chain of hills and bluffs which 

continue with occasional interruptions to near Rio Grande do Norte. 


The Original Extent of the Tertiary.—The original extent of the tertiary beds 
is indicated partly by the horizontality and the approximate uniformity in thickness 
and character of the strata, and, secondly, by the distribution of the existing remnants. 

A satisfactory statement of the original limitations is not possible with our 
present knowledge, because we are ignorant of and have no means of determining ~ 
the amount of erosion that has taken place from the upper surfice of these beds. 
It is evident, however, from the continuity of the lithological characters of preserved 
beds where exposed over wide areas, that the strata were originally continuous over 
the whole of the lower parts of the Sergipe-Alagéas basin, and over many of its con- 
siderable elevations as well. 

It is easy thus to calculate a part of the erosion that has taken place, but in 
view of the impossibility of knowing the original thickness of these beds, we cannot 
make a trustworthy estimate of the whole. It is a noteworthy fact, however, that 
in the Sergipe-Alagéas basin the remnants of the tertiary beds do not extend 
beyond the limits of the cretaceous basin into that of the crystalline rocks. They 
end unconformably against the beds of the Serras @Itabaidna and Maraba, «nd only 
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where the cretaceous beds are not limited on their inner margins by such ranges do 
they rest upon or against the crystalline rocks. 

Denudation.—The present distribution of the tertiary, the horizontality of its 
beds, and the high angles of their exposed margins, all go to show that the dennda- 
tion of these rocks has gone on and is still going on at a rapid rate, whatever the 
causes. Erosion and denudation are still in progress, and some of the causes, at 
least, may be studied upon the ground. The tertiary beds frequently form broad, 
dry, and sterile plateaux or table lands known in Brazil as “chapadas” and “tabo- 
leiros.” In places these plateaux are almost barren of vegetation, and are deeply 
scored with gullies, ravines, and gorges as much as two hundred feet in depth. Such 
spots are quite common about the margins of these plateaux. It is not an uncommon 
thing, however, for hills haying more or less vegetation over them to yield to erosion 
and to develop such cases as that shown in the accompanying illustration of the 
‘“‘Ruinas de Palmyra,” near Cabo Santo Agostinho. This case is a typical one (v. 
Plate III). One is often struck, on looking at these rapidly cutting exposures of 
tertiary, with their resemblance in miniature to the topography of parts of the Grand 
Caiion region of the United States. 

The great denudation of the tertiary beds is due to the following five principal 
causes : 

I. The impenetrability of the surface clays. 

II. The sterility of the soil resulting in barrenness of vegetition, and the absence 
of the protection arising therefrom (v. p. 376). 

III. The unresisting nature of the rocks (wv. p. 410). 
IV. The great precipitation concentrated within a few months of the year in- - 
creasing in geometric ratio the abrading and transporting powers of the water. 

V. The temperature of the water considerably elevated by falling upon ah bare 
hot surface clays. 

I shall speak of these causes in their order. (1) The fm penetra tiie of the soil 
prevents the precipitation from soaking into the ground, obliges it to seek its level 
along the surface at once and is therefore conducive to floods and to corrasion. The 
tertiary clay through this region being more or less impenetrable, sheds its water 
almost perfectly, and thus hastens erosion by floods and freshets whose abrading and 
transporting powers are enormous. : 

It will be observed that in almost all the descriptions of Brazilian tertiary sec- 
tions there are alternate sandy and clayey beds. When erosion acts readily upon 
the sandy ones they are soon removed until a bed containing sufficient clay to t1 
the water readily is reached. This bed then becomes the surface clay of the con 
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shedding the great precipitation of the region and sending it in powerful torrents down 
the soft margins of the formation whence enormous quantities of earth are swept 
away. 

(II) The sterility of the soils derived from the tertiary is notorious. This steril- 
ity is due largely to the tendency of the surface clays to turn the rainfall instead of 
allowing the water to soak into the ground. But little water is able to penetrate the 
ground, and for this reason dry weather is invariably fatal to crops in tertiary soils. 
The natural vegetation is remarkably scant, except in the deep ravines. The wiry 
grass, stunted trees, and cacti that grow over these sterile plateaux, or “chapadas” 
as they are called, offer but little resistance to the water flowing from the surface. 


(IIT) In the description of sections in the tertiary it may be scen that there are 
no beds in the whole column capable of long resisting the ordinary processes of sub- 
aerial erosion in the tropics. The beds are usually clays and sands variously commin- 
gled. I have seen but one indurated rock in the series—a very hard, glassy quartzite, 
metamorphosed in weathering, but this rock does not appear to form a continuous bed. 
at any one place, or to occupy a definite position in the series. In such soft and easily 
eroded material the heavy rainfalls of Brazil do the greatest possible amount of work. 


(IV) Precipitation —That precipitation in the tropics is not as evenly distrib- 
_ uted through the year as in temperate regions is a well-known fact. 

In Brazil the year is divided as naturally into rainy weather, “tempo de chuva,” 
and sunny weather, “ tempo de sol,” as in temperate regions it is divided into winter 
and summer; but it is important to note also that the rainy season is the hot season, 
the “ tempo de sol,” referring to continuous sunshine. 

The rainy season does not set in at the same time in all parts of the country, 
but may begin one, two or three months later or earlier in one place than in another. 
This, however, does not affect the general results. Oue of the best records of rain- 
fall in Brazil of which I have knowledge is that kept by the St. John del Rey Gold 
Mining Company at Morro Velho, in the province of Minas. This record covers the 
period from 1855 to the present. A resumé of these observations published in 1880 
shows* the average annual rainfall up to that time to be 1637 millimetres, and that 
89 per cent of this, or 1457 millimetres, fell during the six months from October to 
March inclusive, while from April until September only 180 millimetres fell. 

A series of observations kept at the city of Sao Paulo during the year 1873+ 


* See ‘‘Relatorio de W. Milnor Roberts sobre o Ric Sao Franciscu,’’ Rio de Janeiro, 1880, and Revista de Engen- 
haria for May, 1880. j 


+ The Rio News, February 5, 1880. 
Ay P S.—VOL. XVI. 3A. 
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shows that out of the total rainfall of 1287 millimetres during the year, 1162 milli- 
metres fell from November to April inclusive. 

Observations made during 1881 at Sao Bento das Lages in the province of Bahia 
give a total precipitation of 1984 millimetres for the year, of which 1439 millimetres 
fell from March to August inclusive.* 

Observations made at Uberaba, province of Minas, from 1880 to 1882 caalaaivs, 
show an average annual precipitation of 1561 millimetres, of which 1264 millimetres 
fell from October to March inclusive. 

Records of the rainfall in Ceara during the twenty-eight years from 1849 to 1876 
show an average precipitation of 1246 millimetres during one half the year, against 
143 millimetres during the other half.{ 

These examples are sufficient to give a correct idea of the distribution in 
time of the precipitation in Brazil. A rainfall so unevenly distributed cannot fail to 
do an unusually large amount of erosion. 

On the whole, however, the erosion of these tertiary beds does not appear to be 
going on so rapidly as formerly, and indeed I am not disposed to believe that the 
extensive denudation of the tertiary beds which has taken place in Brazil is to be 
attributed to subaerial erosion alone. It seems probable that the greater part of this 
work was done at the time of and immediately after the emergence of these beds 
from beneath the ocean, while the beds were even softer than at present, and before 
the surface was taken possession of by vegetation. In many places over the tertiary 
region where the country is thickly clad with vegetation, erosion is practically nzl. 
The great width of many of the valleys and the precipitous faces of the tertiary 
ranges that border them suggest that these hills faced the ocean, or were the shores 
of bays during the time of the land’s elevation from beneath the tertiary seas. 

At many places along the Brazilian coast the ocean is also attacking these terti- 
ary beds upon the edges, undermining them and spreading the material of which they 
are composed over the ocean’s bottom. The bed of the ocean north of Rio de Jan- 
ciro is, in most places, covered, not with the glauconite ooze usually found along the 
shores of continents, but for the most part with red mud carried down by the 
streams, or washed away directly by the waters and undertow from the soft red ter- 
tiary rocks of the coast.§ The red cliffs, so noticeable to one sailing along the coast 
in sight of the shore, are all tertiary, and wherever the water breaks against the bases 
of these cliffs, they are being rapidly cut away. 

* V. Revista de Engenharia for May, 1882. 
+ V. Revista de Engenharia, Vol. V. (1883), p. 251. 


t V. E saio Estatistico de Pompeu de Souza Brazil, p. 105 (in part). 
§ V. Challenger Reports ; Narrative, Vol. I, Part I, pp. 215-217. 
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The greater portion of this red mud is derived directly from the cliffs along the 
shores where the ocean is a more direct agent of erosion, transportation and distribu- 
tion of this material than the streams themselves. I make this statement advisedly. 
The streams of the region do not now, as a rule, have sufficient current to be such 
powerful agents of transportation as they formerly were. In the lower portions of 
their courses they have generally cut down to or near their base levels, and are 
therefore comparatively powerless. During the season of rains the finer sediments are 
washed from high grounds into all the streams, but the Rio Sao Francisco is the only 
stream flowing into the ocean in Brazil south of the Amazon, which brings down any 
considerable quantity of sediment. Such streams as the Sergipe seldom carry muddy 
waters into the ocean, the material brought in suspension from the higher country 
being precipitated near the head of tide water, which is usually miles inland. 

It happens that nearly all these tertiary beds have already been worn away from 
the immediate neighborhood of the ocean in the Sergipe-Alagéas basin. They are 
well exposed, however, along the coast between Maria Farinha and Parahyba in 
cliffs, some of which are more than four hundred feet in height. 

In a few places tertiary beds are exposed along the ocean’s beach, having no 
considerable thickness of their own formation overlying them. In such places they 
offer more than the usual resistance to the encroachment of the sea, and though the 

- beds are by no means hard, they are worn into fantastic forms by the surf. An ex- 
ample of this kind is shown in the plate illustrating the erosion of a tertiary beach 
near Rio Formozo in the province of Pernambuco (v. Plate IV). 


Horizontality of the Beds.—These beds are, everywhere I have seen them, so 
nearly horizontal that no dip is apparent. Exposures have been seen where the beds 
appeared, at first sight, to have dips as high as twenty degrees, but upon closer in- 
spection they have turned out to be delusive. In other places the writer has seen steep 
dips caused by the caving and tumbling down from banks of fragments so large that 
they might easily deccive the observer into believing them true dips. Pissis gives 
three examples of dips in the tertiary, one of which is as high as 15°.* The cases 
cited are possibly delusive ones, such as are referred to above. 

Metamorphism in the Tertiary.—The fact that there are compact, glassy quartz- 
ites among these tertiary beds might, if taken alone, lead one to surmise that this 
formation had undergone dynamic disturbances. Such, however, is not the case. 
These quartzites seldom or never occur forming beds continuous over considerable 
distances, but are derived from soft beds of sandstone which become indurated here 


* Mémoire sur Ja position géologique, etc., p. 467. 
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and there upon exposure, forming quartzite blocks. As the surrounding portions of 
the beds weather away, these blocks are usually left lying loose on the surface where 
they exfoliate somewhat under the same influences that hardened them. That this 
metamorphism is produced by weathering scarcely admits of doubt. The beds 
which are metamorphosed are high up in the tertiary series, the underlying beds being 
made up of soft horizontally stratified beds of clays and sands. It is quite evident 
that these rocks have not been subjected to any unusual lateral pressure, such as that 
which so often produces metamorphism. The pressure from above is and always has 
been less than that upon the underlying soft beds of sand, so that its metamorphism 
cannot be attributed to pressure from above. The strongest evidence that this meta- 
morphism is a process of weathering is found in the condition of some of the par- 
tially metamorphosed masses of sandstone. The writer has seen at three separate 
exposures large masses of this glassy quartzite protruding from banks of soft sand- 
stone, which, upon being broken off two or three feet beneath the face of the expo- 
sure, showed the uncovered end of the block to be nothing more than sand in process 
of hardening, the mass becoming harder and harder toward the exposed surface. 
When these blocks are entirely separated from their surroundings and lie fully exposed 
to sunshine and rain, they become as hard as glass and haye a similar conchoidal 
fracture. Heated as they usually are by the direct rays of the sun during the day 
and cooled by radiation at night or by cool rains, their angles exfoliate until they are 
almost perfectly round. Prof. Hartt at one time thought that these boulders were 
brought to this region by glacial action. Although these quartzites are tertiary, 
there are occasional quartzitic beds in the cretaceous also, yet there is but little 
danger of confounding them ; those of the tertiary being barren of fossils, while those 
from the cretaceous usually contain a few fossils. The hard cretaceous sandstones in 
the Riacho de Aroeira approximate in: general appearance to the tertiary quartzites. 
It would not be safe, however, to assign all the non-fossiliferous quartzites of this 
region to the tertiary, for some of the cretaceous sandstones have been sufficiently 
porous to allow percolating waters to dissolve out the fossils, and subsequently they 
have been changed to quartzites. I find in my notes the opinion expressed that a 
certain bed of quartzite more or less buried beneath black cretaceous limestone soils, 
is cretaceous, and uncovered by the decay of overlying beds of limestone. 

Tertiary quartzites were observed in the Sergipe basin at the following localities : 

1. Sitio da Ribeira, on the Rio Sergipe as one ascends the stream from Aracaja 
towards Pintos, on the north-west side, opposite Andorinhas quarries. These blocks 
have evidently been derived from beds at a higher elevation and have been left here 
by denudation. i : 
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2. On the hill-tops west of Maroim, and beyond (from the town) the church 
Maroim de Cima. 

3. Fazenda de Sto. Antonio, three-quarters of a mile west of the church. These 
quartzites are also on the hill-tops. 

4, Hast of Sto. Antonio, and visible from the church of Maroim de Cima is a 
hill covered with quartzite. 

5. Immediately north-west of Maroim on the hill-top, exfoliating in blocks. 
Along the Estrada Real also north-west of Maroim, a bed one to two feet thick is 
exposed. The Santa Cruz church north-west of Maroim is on a hill of ferruginous 
conglomerate, bare of vegetation. 


SURFACE GEOLOGY. 


Post-tertiary.—On the hills west of the Cotinguiba at a sitio near Maroim known 
as Sitio de Belemges, and again along the hills about the Santa Cruz church north- 
west of Maroim, are types of a formation overlying the tertiary. This formation is 
spread over the hills and valleys of the Sergipe-Alagéas basin and over the adjacent 
country in the form of a thin coating of cobblestones, pebbles and sand, sometimes 
loose and sometimes cemented into a pudding-stone as much as ten feet in thickness, 
_ and, when exposed, stained black by manganese. It caps the summits of the tertiary 
plateaux or their outliers, and it is frequently strewn along down the sides of hills 
and accumulated in the valleys. It is not confined to the geographic limits of the 
cretaccous or tertiary, but is found further inland and far beyond the present limits of 
these formations. It is everywhere more or less irregular in thickness, and nowhere 
can it be said to be universal or continuous. The writer has seen this material 
throughout Sergipe and Alagéas, in Parahyba, and as far inland as the headwaters of 
the Rio Ipanéma in the interior of the province of Pernambuco, where there is no 
remnant of stratified tertiary beds. Between the lower Rio Sao Francisco and the 
frontier of the province of Alagoas, and indeed in many parts of the province of Per- 
nambuco, this water-worn material is found mingled in bogs with the remains of ex- 
tinct, gigantic mammals. 

One of the marked characteristics of this post-tertiary formation is that it is 
much coarser inland, and grows finer as the coast is approached. The explanation 
of this water-worn material seems to be that the tertiary period was closed by a 
depression along the present coast, which carried the beach line far inland, or that 
it was already there. Then followed a gradual emergence, during which the whole 
area now covered by this widely distributed water-worn material was passed gradu- 
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ally through the condition of a beach upon which the then loose, angular, surface 
rocks of the country were rounded and worn into the boulders, cobbles and peb- 
bles which we now find scattered over this region. “While the surf was beating upon 
and wearing the hard crystalline and metamorphic rocks of the interior it was unable 
to produce any very marked effect upon the topography of the country, but when, 
in the course of the land’s emergence, the soft, sandy and clayey beds of the 
tertiary were brought within its reach, the work of land sculpture it was able to do 
was enormously increased. During the emergence of these tertiary beds they were 
deeply eroded, and the mud which originally made part of them was washed seaward, 
and their coarser materials were concentrated upon the slowly receding beach. In some 
places these accumulations assume unusual proportions, as if they had been brought 
together by the gradual beating of waves along a beach, or had been reconcentrated 
by later streams. An example of this kind, outside the Sergipe-Alagéas basin, occurs 
at the Camassari diamond washings in the province of Bahia (v. Plate V). It would 
seem that during this period some of the wider valleys excavated in the tertiary were 
formed. The concentration of coarse material left spread over the surface of the 
remaining portions of the tertiary, and indeed over the whole country rising from the 
bottom of the ocean, the thin covering of cobblestones, and pebbles such as we now 
have. Later, by the oxidation of the iron in these beds they have been changed here 
and there to a ferruginous conglomerate. ; 

The post-tertiary deposit is very widespread in Brazil, and has been referred by 
both Agassiz and Hartt to glacial action. 
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BIBLIOGRAPHY. 
Bibliography of the Geology of Sergipe-Alagéas Basin. 


Anonymous ArticLes: A Commissio Geologica do Brazil, published in ‘‘O Vulgarisador” newspaper of Rio de 
Janeiro, Brazil, November 3, 1877. 


The same article was reprinted in ‘‘O Novo Mundo,”’ an illustrated periodical published in New York, Vol. 
VIII, January, 1878, pp. 18-19. 


The article gives a brief sketch of the region explored and the collections made 

by the Imperial Survey. 
Comstock, T. B.—American Journal of Science, XI, June, 1877, pp. 465-473, contains an abridged report by Prof. 
Charles F. Hartt upon the work of the Commissio Geologica do Brazil, translated by T. B. Comstock from 


the report printed in Portuguese. See Hartt, Relatorio Preliminar de Trabalhos da Commissao Geologica na 
Provincia de Pernambuco. 


DERBY, ORVILLE A.—O Brazil Geographico e Historico; A Terra e o Homem, por J. E. Wappaeus, Rio de Janeiro, 
1884, 


This book upon the physical geography, natural history, ete., of Brazil, is the 
work of several collaborators, the geology (Chap. V, p. 44 ef seg.) having been writ- 
ten by Mr. Derby. He mentions the provinces in which cretaceous and tertiary 
formations are found, and gives a small map showing their general distribution, and 
remarks that the relation between the cretaceous along the coast and that at higher 
elevations is not known. 


Dersy, O. A.—Contributions to the Paleontology of Brazil, by Charles A. White. 

The descriptive part of this important work, pp. 7-14, is by Mr. Derby, and is 
the most important paper yet published upon the stratigraphy of the mesozoic and 
tertiary geology of Brazil. The leading facts known to him regarding all the Bra- 
zilian cretaceous localities, except those of Sao Francisco do Sul, are given. The 
theory advanced by Mr. Derby, however, to the effect that the Ceara beds “ appear to 
be a distinct series” because they rise to a greater elevation than other known locali- 
ties, is criticised on pages 408-410 of the present paper. 


Derby, O. A.—Contribui¢gses para o Estudo da Geologia do Valle do Rio Sao Francisco, pelo Dr. O. A. Derby, pub- 
lished in the Archivos do Museu Nacional, Vol. IV, 1879, p. 87 et scq. 


In connection with the geology of the lower Sao Francisco, Mr. Derby takes 
occasion to sketch and discuss the cretaceous and tertiary geology of the entire 
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Brazilian coast. He announces the important discovery of secondary beds at Atalho 
and Caissara on the Sio Francisco, above the falls of Paulo Affonso, and expresses 
the opinion that they extend to the south along that side of the valley. 

These beds are said to resemble those of Bahia, but doubt is expressed regarding 
their being the same, because the author finds it “ difficult to admit the pe 
neous deposition of beds at such different elevations.” 


GARDNER, GEORGE.—Travels in the Interior of Brazil, principally through the Northern Provinces and the Gold and 
Diamond Districts during the years 1836-1841, by George Gardner, F.L.S., London, 1846, 113-147. There 
are but few important notes on the geology of Sergipe-Alagdas. On p. 119, he says the rocks at Penedo dip 
west, which should read east. On p. 198 et seg., he describes the chalk formation of Ceara. This is substan- 
tially a repetition, with less detail, of the article from the Proceedings of the Glasgow Philosophical Society, 
of April, 1843, referred to below. 


Hartt, Cu. Frep.—Geology and Physical Geography of Brazil, by Ch. Fred. Hartt, Boston, 1870. 

This book contains all sorts of valuable scientific information regarding all 
parts of Brazil. The observations of the writer, who visited Minas Geraes and the 
provinces along the coast north of Rio, are supplemented by a study of almost all the 
best authorities regarding the geography, geology and natural history of the Empire, 
so that the work represents, better than any other, the state of knowledge of Brazilian 
geology at the time of its publication. Following Agassiz, he refers the surface geol- 
ogy to the glacial drift, gives excellent descriptions of the tertiary at many localities, 
refers the sedimentary beds of the Abrolhos, and the fresh-water deposits of the Bahia 
basin to the cretaceous. He touched at Aracaji, Maroim and Penedo, and from 
Maroim took away a small collection of fossils, which lead him to refer the rocks of the 
region to the cretaceous. On pages 555 ef seg. he gives a resumé of the mesozoic 
geology of Brazil. The name “Sergipian group” is proposed for the limestones of 
Maroim, and the “ Cotinguiban group” for the cream-colored limestones of Sapucary. 
The work is illustrated with many carefully executed wood-cuts, among which are 
numerous valuable geological sections. 

HENDERSON, JAMES.—A History of Brazil, by James Henderson, London, 1821. 
He mentions the occurrence of flints and limestones in the province of Sergipe. 


Hyatr, ALpHeus.—Report on the Cretaceous Fossils from Maroim, Province of Sergipe, Brazil, by Alpheus hake 
In Hartt’s Geology and Physical Geography of Brazil, p. 385 e¢ seq. 


Five species of fossils, mostly cephalopods, are described from a collection made 
at Maroim by Prof. Hartt. ee AC 


Hyatt, Pror. ALPHEUS.—The Jurassic and Cretaceous Ammonites collected in South America by Prof. James Orton, 


* 


with an Appendix upon the Cretaceous Ammonites of Prof. Hartt’s collection, by Alpheus Hyatt. Procecd- 


+ 


ings of the Boston Society of Natural History, Vol. XVII (May, 1875), pp. 365-372, Boston, 1875. — 
This paper has a brief note upon Buchiceras hartti Uyatt, described ae him in 
Hartt’s Geology of Brazil, p. 386, as Ceratites harttii. ea 
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Movucuez, Cart. Ernest.—Les Cotes du Brésil, Descriptions et Instructions Nautiques, par M. Ernest Mouchez, Cap- 
tain de Vaisseau. Premiére Section. Du Cap San Roque a Bahia, Paris, 1874. 

Although this work has nothing directly upon geology, it contains many facts of 
great value in studying the geology of the northeastern coast, and especially the terti- 
ary of Brazil, which is so intimately connected with the present aspect of the coast in 
many places. On p. 16 are observations upon the continental shelf; on pp. 20-21, 
the currents of the coast and tides and reefs are discussed, while the elevations of a 
great many points along the coast are given. On p. 145, he says that gold and dia- 
monds are found in Itabaidna, and speaks of a great quantity of “tourbe combustible ” 
and the probability of coal being found, and adds that “Cette province est égale- 
ment célébre par les richesses fossiles qu’on y rencontre, principalement sur les bords 
du Sao Francisco.” 
ria, Cuaries A.—Contribuicgées 4 Paleontologia do Brazil (com.o original em inglez), por Charles A. White, 

M.D. Archivos do Museu Nacional, Vol. VII, Rio de Janeiro, 1887. 

An extract from the Archivos was made of this paper and issued with an an- 
nouncement and “errata,” by Dr. White, from Washington, D.C., dated January 2, 
1888, under the title, “ Contributions to the Paleontology of Brazil; Comprising De- 
scriptions of Cretaceous Invertebrate Fossils, Mainly from the Provinces of Sergipe, 
Pernambuco, Para and Bahia.” 

This work is by far the most important one ever published upon the paleontology 
of Brazil. The bibliography of the invertebrate mesozoic paleontology of South 
America is given, followed by a brief but comprehensive sketch of the mesozoic geol- 
ogy of Brazil, by Mr. Derby. 

315 species of mesozoic fossils are described, 170 of which are new. These in- 
clude the lamellibranchs, gasteropods, cephalopods and echinoderms, collected by the 
Imperial Geological Survey in the provinces of Sergipe, Bahia, Pernambuco and Para. 
All are accompanied by excellent plates of 445 figures, drawn by McConnell and litho- 
graphed by Sinclair, of Philadelphia. In a discussion of the geologic age of the Ser- 
gipe beds, Dr. White concludes that, in spite of the jurassic facies of several of the 
fossil forms, the burden of testimony favors the reference of these beds to the creta- 


ceous. 
einen Ot the Cretaceous and Tertiary Geology of Brazil bearing upon that of the 
Ser. gipe-Alagéas Basin. 


The mesozoic and tertiary geology of Brazil is so intimately connected with that 
of the other portions of South America that the bibliography of one portion must of 
necessity include much of that of the other. For this reason some titles are given 
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here which do not relate directly to the mesozoic or tertiary geology of Brazil. There 
are besides many valuable works upon the geology of the River Plate basin, the west 
coast and north-eastern South America, by such writers as Darwin, D’Orbigny, Bur- 
meister, Castelnau, Humboldt and Spix and Martius, to which one naturally turns for 
trustworthy information in studying the geology of the continent. With the excep- 
tion of the publications of Spix and Martius, which the writer has been unable to 
consult carefully, the most pertinent of these works are referred to, the others are 
omitted. The titles given under the preceding head must, of course, be added to 
this list. 

Aeassi1z, Lourts.—Edinburgh New Philosophical Journal for January, 1841. Description of the Fossil Fishes Collected 


by George Gardner in the Province of Ceai4, by Louis Agassiz. 


Prof. Agassiz referred the beds from which they were taken to the cretaceous. 


Agassiz, Louts.—The Atlantic Monthly (Boston, Mass.) for July and August, 1866. Physical History of the Valley 
of the Amazon, by Louis Agassiz. 


In this article the author expresses the opinion that Ceara and the region north 
of that province belong geologically to the Amazon Valley region, describes briefly its 
tertiary deposits, and refers them “to the ice period in its earlier or later phases.” 

To explain its aqueous origin, he postulates a gigantic terminal moraine closing 
the valley at its eastern end, behind which these beds are supposed to have been de- 
posited in cold fresh water. 


Acassiz, Pror. Lours.—Geological Sketches, by Louis Agassiz. Boston, 1886, Vol. II, p. 158 e¢ seq. 

The chapter on the “Physical History of the Valley of the Amazons” is the 
same as that published under this title in the Atlantic Monthly for July and Avent, 
1866. 

Agassiz, Louis AND Masor Joao Martins DA Siva Coutinno.—Sur la Géologie de I’ Amazone, par MM. Agassiz 
et Coutinho, Paris, E. Biot, 1867, 8. Extrait du Bulletin de la Societé Géographique de France. 


Substantially the same views are here given as are published in the Atlantic 
Monthly article referred to above. 


Acassiz, Pror., AND Mrs. Lours.—A Journey in Brazil, by Prof. and Mrs. Louis Agassiz, Boston, 1868. 

On pp. 146-7, are remarks by Prof. Agassiz upon the so-called glacial drift at 
Bahia, Pernambuco, Maceio, Parahyba and Para. He refers to the fossils found at 
Parahyba do Norte, and he discusses the so-called drift phenomena of the Amazon 
Valley region. The clays and sands referred to here as glacial drift are tertiary, and 
the water-worn material found at the places referred to is the “ wash,” or concentrated 
coarse material left scattered over the region, as the land rose from penta the o ocean 
at the close of the tertiary. 
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Agassiz, Pror. Lours.—Comtes Rendus de l’Acadamie Francais, Vol. XVIII, p. 1007. 

Letter from Louis Agassiz to Elie de Beaumont describing the fossil tishes 
from Ceara. Seven species are mentioned by him, and he affirms his belief in the 
cretaceous age of the Ceara rocks. 

ALLEN, J. A.—Notes on the Geological Character of the Country between Chique-Chique, on the Rio de Sao Francisco 
and Bahia, Brazil, by J. A. Allen. In Hartt’s Geology and Physical Geography of Brazil, pp. 309-318. 

A brief but very important contribution to the geology of Hastern Brazil. The 
author does not attempt to give the horizons of the geological formations found upon 
his trip, but his descriptions enable one acquainted with the geology of the country to 
assign them to their various equivalents along the coast. 


ALLPort, S.—On the Discovery of Some Fossil Remains near Bahia in South America. Quar. Jour. Geol. Soc., Lon- 
don, Vol. XVI, Pt. III, pp. 268-268. 


The article is illustrated, and, besides a brief description of the eastern portion of 
the Bahia basin about Montserrate and Plataforma, is accompanied by notes on the 
fossils by John Morris and Prof. T. Rupert Jones. The vertebrate remains described 
by Mr. Allport are figured in four plates. 


Anonymovs.--Annual of Scientific Discovery for 1866-7, pp. 270-3. 
Agassiz’s Lowell Institute lectures are quoted as to the glacial origin of the ter- 
_tiary of the Amazon. 


Anonymous.—Annual of Scientific Discovery for 1871, pp. 246-7. 
These notes appear to have been taken from Prof. Hartt’s writings. It is stated 
that the cretaceous beds probably underlie the tertiary of the whole Amazon Valley. 


Bates, Henry WaLtTER.—The Naturalist on the Amazons, by Henry Walter Bates. 4th ed., London, 1875. 


A few notes are given in this work concerning the table-topped hills of Almey- 
rim and the serras north of that point, and upon the parti-colored cliffs about Obidos. 


Brown, C. BARRINGTON.—Tertiary Deposit of the Solimdes and Javary Rivers in Brazil, by C. Barrington Brown, with 
an Appendix by R. Etheridge. Quarterly Journal of the Geological Society, February, 1879. 


Reference is made to the old loess-like river deposits, and several sections of the 
tertiary are given. Noting that the tertiary had already been traced from Loreto, 
Peru, to Tabatinga, the author says that he has not seen this terrane further east than 
Sio Paulo, 150 miles below Tabatinga and 1350 miles from the mouth of the Ama- 
zon. It is suggested that the tertiary beds have been disturbed. They are said to 
occupy here an area of 300 miles in length by 50 in breadth, and contain both fresh 
and brackish water shells. 
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Brown, C. Barrincron.—On the Ancient River-deposit of the Amazony, by C. Barrington Brown. Quart. Jour. 
Geol. Soc., Vol. XXXYV, 1879, p. 763 e¢ seg., with illustrations. 
This paper treats principally of quaternary and recent deposits, but some refer- 
ences are made to the tertiary, while the sections given indicate its relations to the 
later formations. 


BurMEIstER, H.—Description Physique de la Republique Argentine d’ Apres des Observations personelles et étrangers, 
par le Dr. H. Burmeister, Paris, 1876, 3 vols. 


The third volume is dated Buenos Ayres, 1879. This work is a translation from 
the German. The second yolume is upon the geology of the Republic, and the third 
upon the living and extinct vertebrates. It contains no references to the mesozoic 
geology of Brazil, but it is useful in connection with its study. 


CALDCLEUGH, ALEXANDER.—Travels in South America, during the years 1819-21, etc., by Alexander Caleeeizh. 2 
vols., London, 1825. 


In Vol. I, p. 48, he refers to the discovery of vertebrate remains, apparently 
quaternary, near Rio das Contas in the province of Bahia. 


CAPANEMA, GUILHERME S. DE.—Trabalhos da Commissao Scientifica de Exploracio, Part I, Rio de Janeiro, 1862. 
Secgio Geologica, pp. 120-143, by Guilherme S. de Capanema. 


This commission was made up exclusively of Brazilians, and extensive explora- 
tions were undertaken. Dr. Capanema was chief of the geologie section. He 
visited Nazareth and the island of Itaparica in Bahia, Parahyba and Ceara. He 
speaks of the cretaceous rocks at Parahyba, hitherto unknown;.and says that the cliffs 
at Crato, said by Gardner to be chalk, are silicate of alumina. 


Cuanpiess, W.—Notes on the River Aquiry, the Principal Affluent of the River Puits, by"W. Chandless. Jour. 
Roy. Geog. Soc., Vol. XXXVI, 1866, p. 119 e¢ seg. 


The geology of the region treated of is only incidentally referred to in this 
article. The localities are mentioned from which were taken silicified woods, oe 
remains of Mosasaurus, and of extinct turtles. 


Comstock, T. B.—American Journal of Science, 1876, pp. 464-6. Note by T. B. Comstock upon the Work of the Com- 
missio Geologica do Brazil. 


This note refers principally to the work done py the Brazilian Survey in 1 the 
Amazon Valley. 


Corz, E. D.—A Contribution to the Vertebrate Paleontology of Brazil, by E. D. Cope. Proceedings of the American 
Philosophical Society, Vol. I, No. 121, January, 1886, pp. 1-21. 
Descriptions of mesozoic fossils from Bahia, Sergipe and Pernambuco. In this 
paper Prof. Cope attempts to correlate the Brazilian mesozoie beds with those of the 
United States. The occurrence of the teeth of one species of fishes ( Apocopodon 
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sericcus Cope) induces him to believe the Maria Farinha beds of Pernambuco cne 
probable equivalents of the Fox Hills of the United States, or to the Mestrichtian 
cretaceous age. Another species from Sapucary leads him to say (p. 7) that these 
rocks “ probably belong to the cretaceous.” One species from the north-eastern part 
of the province of Bahia leads him to refer those rocks to the pliocene-pampzan. 
Shiernio, Joao Martins DA Sinva.—L’Embouchure de L’ Amazone, par Don Joao Martins da Silva Bese Bul. 
letin de la Societé de Géographie, Paris, Octobre, 1867. 

The statement is made that the same geology (the tertiary) prevails from the 

mouth of the Huallagua in Peru to Marajé and to Piauhy. 


Darwin, Cuar.tEes.—Geological Observations on the Volcanic Islands and Parts of South America Visited During the 
Voyage of H. M. 8. ‘‘ Beagle,’’? by Charles Darwin, M.A., F.R.S., etc., London, second edition, 1876. 


Though there is but little in this book which deals directly with the mesozoic 
and tertiary geology of Brazil, Chapter VIII, upon the elevations of the eastern coast 
of South America; Chapter XI, on the formation of the Pampas; Chapter XII, upon 
the older tertiary of Patagonia and Chile, are rich in suggestions which must be kept 
constantly before the mind in studying the cretaceous and tertiary of Brazil. Appen- 
dices to the second part of the volume contain descriptions of secondary and tertiary 
fossils from South America, | 
' Dersy, O. A.—-A Bacia Cretacea do Bahia de Todos os Santos, por Orville A. Derby, M.S. Archivos do Museu 

Nacional], Vol. III, third and fourth Trimesters, Rio de Janeiro, 1878, pp. 135-158. 

In this memoir Mr. Derby brings together all the observations made, up to the 
time of publication, upon the fresh water cretaceous basin of Bahia, and the accom- 
panying tertiary and crystalline beds. Inasmuch as Mr. Derby has done more work 
upon this particular region than anyone else, his paper is the most comprehensive yet 
published. Its value has now been greatly increased by the publication of Dr. 
White’s Invertebrate Paleontology of that basin. The article is in Portuguese, and 
has never been published in any other language. 

Dersy, O. A.—Reyista de Engenharia (Rio de Janeiro), Vol. III (1881), Nos. 6, 8, 9, 11, 12. Reconhecimento 
Geologica do Valle do Sao Francisco, por Orville A. Derby, M.S. 

The article published in the Archiyos do Museu N acional, Vol. [V, 1879, p. 87 
et seq., has all the geological facts more fully discussed. 

Dersy, O. A.—A Contribution to the Geology of the Lower Amazonas, by Orville A. Derby, M.S. Proccedings of 
the American Philosophical Society, Vol. XVIII, 1879, pp. 155-178. 

The known cretaceous localities of the Amazon region are mentioned and briefly 
described on pp. 174-5; the tertiary on pp. 176-7. A Portuguese version of this 
paper is also published in the Archiyos do Museu Nacional, Vol. II, 1877, pp. 77-104, 
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under the. title: Contribuigoes para a Geologia da Regiio do Baixo Amazonas, pelo 

Prof. Orville A. Derby, M.S. 

D’Oxsrany, ALcrpE.—Voyage dans les deux Amériques, publié sous la direction de M. Alcide D’Orbigny, Paris, 
1859. 

Several references to Brazilian geology as made for pp. 120-185, but as this book 
was intended for a popular work of travels, it contains nothing of importance upon 
geology. On p. 185, it is remarked, however, that “le calcaire s’y trouve en boucoup 
d’endroits.” 

D’Orsreny, ALcIDE.—Voyage dans |’ Amérique Méridionale, Géologie et Cartes, Paris, 1842. 

The only maps referring to Brazilian cretaceous and tertiary geology are included 
in Plate X, Figs. 1,4 and 5. The text in which these general charts are explained 
relates mainly to the geology of the River Plate basin, Patagonia and the West Coast. 
Though this publication represents a great deal of valuable geological details, it con- 
tains a vast amount of speculation which, as far as Brazil is concerned, is of doubtful 
value. There is nothing directly upon the Brazilian cretaceous and tertiary, but the 
latter portion of the work, pp. 209 et seq., “ considérations générals sur la Géologie de 
Amérique Méridionale,” discusses the dynamic movements and building up of the 
continent. Of the cretaceous terranes, he says (p. 233): “Qu’ils sont tout a fait 
inconnus aux régions orientales et centrales de Amérique Méridionale.” The 
mesozoic and tertiary geology of Brazil can best be understoood by a study of that 
of the central and western parts of the continent, which he treats at some length, in 
the Géologie and Paléontologie of his voyage. On p. 237, he discusses the existence 
of the jurassic in South America. 


D’Orsiany, ALcrDE.—Comptes Rendus de 1’ Académie des Sciences, 1842, Vol. XV, p. 771. Considérations générales 
et coup d’ceil d’ensemble sur les grands faits géologiques dans l’Amérique Méridionale a été le théatre, par 
Alcide D’Orbigny. 


The conclusions of this brief paper are highly imaginary. 


DuranD, L’Anbr.—Considérations générales sur 1’Amazone, par l’Abbé Durand. Bul. de la Soc. de Géographie, Paris, 
Novembre, 1871. 


It is stated that the tertiary seems to be entirely wanting in the Amazon basin ; 
that the bottom of the basin is cretaceous, overlain by from seven to forty metres of 
clays, above which is a formation of sands, clays and gravels, which are referred to 
the “trias ou terrain de yieux grés rouge.” A very wide distribution is attributed to 
this formation. 


ETHERIDGE, R.—Notes on the Mollusca collected by C. Barrington Brown from the Tertiary Deposits of Solimées 
and Javary Rivers, Brazil, by R. Etheridge. Quart. Jour. Geol. Soc., XXXYV, 1879, p. 82. 


An appendix to Mr. Brown’s paper, g. v., consisting of specific descriptions of 
tertiary fossils. 
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GARDNER, GEORGE.—Geological Notes made during a Journey from the Coast into the Interior of the Province of 
Ceara, in the North of Brazil, embracing an Account of a Deposit of Fossil Fishes, by George Gardner, Esq. 
Edinburgh New Philosophical Journal, April, 1841, p. 75 et seq. 


Hartt, Cu. FrepD.—The American Naturalist, Vol. II, March, 1868, No. 1. A Naturalist in Brazil, by Ch. Fred. 
Hartt. 


Brief description and illustrations of the geology of the Abrolhos. The same is 
given more fully in the author’s larger work upon the Geology and Physical Geog- 
raphy of Brazil. 

Hartt, Cu. Frep.—On the Growth of the South American Continent, by Ch. Fred. Hartt. The Cornell Era (Ithaca, 
N. Y.), December 12, 1868. 


This paper deals with the dynamic movements of the continent, and gives the 
general order and distribution of the various formations. 


Hartt, Pror. Cu. F.—Amazonian Drift, by Prof. Ch. F. Hartt. American Journal of Science, April, 1871, pp. 
294-296. 


The writer expresses the ies that the horizontally bedded sandstones and 
clays of the Amazon region referred by Agassiz to glacial drift are tertiary. 
Hartt, Pror. CHARLES FRED.—On the Tertiary Basin of the Maranon, by Charles Fred Hartt. American Journal of 
Science, Vol. IV, July, 1872, pp. 58-58. 
This article deals with the tertiary beds of the Upper Amazon region. 


' Harrt, CuAs. Frep.—Recent Explorations in the Valley of the Amonzonas, by Chas. Fred. Hartt. Journal of the 


American Geographical Society, New York, Vol. III, 1872, pp. 2381-252. 

The then known extension of the cretaceous in the Amazon Valley is mentioned, 
and there are a few notes upon the tertiary. The author reiterates his belief in the 
tertiary age of the Serras of Pari, . 

Hartt, Cuas. Frep.—Preliminary Report of the Morgan Expedition, 1870-71. Report of a Reconnoissance of the 


Lower Tapajos, by Chas. Fred. Hartt. Bulletin of the Cornell University (Science), Vol. I, No. 1, Ithaca, 
N. Y., 1874, pp. 1-87. 


This paper sketches the work done by the Morgan Expedition, and contains a 
few unimportant references to the tertiary beds in the Lower Amazon region. 


Hanrrt, Cu. FRED.—Contributions to the Geology and Physical Geography of the Lower Amazonas, by Chas. Fred. 

Hartt. Bulletin of the Buffalo Society of Natural Science, January, 1875, pp. 201-235. 

Contains good descriptions and sketches of the tertiary geology of the Lower 

Amazonas. 
Harvt, CHakixs Frep.—Relatorio Prelitninar dos Trabalhos da Commissio Geologica na Provincia de Pernambuco, 

por Ch. Fred. Hartt, Chefe da mesma Commissao, Rio de Janeiro, 1875. 

This paper contains a few brief notes upon the cretaceous geology of the prov- 

ince of Pernambuco. 
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HuMBoLpT, ALEXANDER VON.—Personal Narrative of Travels to the Equinoctial Regions of the New Continent dur- 
ing the years 1799-1804, by Alexander Von Humboldt and Aimé Bonpland (English translation from the 
original French), third edition, London, 1822. 


Humboldt and Bonpland did not enter Brazil, and their observations upon the 
geology of adjacent territory are referred to as valuable supplementary material in the 
study of the geology of Brazil. 

Jonxs, T. Rupert.—Note on the Fossils Entomostraca from Monserrate (Bahia), by T. Rupert Jones. Proc. Geol. 
Soc., Vol. XVI, p. 266. ; a 

Descriptions of five species of Cypride are given, and Prof. B ones says that 
they appear to be allied to the recent and tertiary species. This note is a part of an 
article by S. Allport, on the cretaceous fossils of Bahia. See under Allport. 


Lrais, EMMANUEL.—Climats, Géologie, Faune et Géographie Botanique du Brésil, par Emmanuel Liais. Paris, 1872. 

The author of this book traveled extensively in Brazil, and his remarks upon the 
geology of that country represent much personal observation. For many of his 
statements, however, he gives no authority. Here and there discussions of the 
geology of the entire South American continent and correlations of terranes of widely 
separated regions are attempted. Chapter V is devoted to the discussion of secondary 
geology, and Chapter VI to that of the tertiary and quaternary. On p.186, he says 
that fossils collected by M. Meyen from a locality on the west coast of South America 
and studied by Von Buch contained both cretaceous and jurassic species. Much 
doubt as to the value of the book is caused by a considerable number of serious 
errors. What appear to be facts of great value are so. interwoven with figments of 
the imagination that, to those best acquainted with the geology of Brazil, it does not 
merit the confidence one would like to give it. 


Marsu, Pror. O. C.—Notice of Some New Reptilian Remains from the,Cretaceous of Brazil, by Prof. O. C. Marsh. 
American Journal of Science, May, 1869, pp. 890-392, 


These fossils are from the Bahia basin, and cnelinds Crocodilus, Thoracosauras, 
Megalosaurus. me eee scales are reported. 


Morris, JOHN. Note on the Motiatend Remain from Monserrate (Bahia). Quart. Jour. Geol. Soc., London, Vol. 
XVI, p. ‘266. 


This note, containing the aeBription of one Species of Melania, is part of an 
article by Allport. See under Allport. ; : ; 


Pereira, Ferieee Frincrsco.—R pteiro da Costa do Norte do Brazil desde Maceio ate Pa14, por Felippe Francisco 
Pereira, Pernambuco, 1878. ; 


This work contains geographical notes of value in this connection. The hills de- 
scribed and figured along the immediate coast between Maceio and. Para are nearly. " 
all tertiary, except that of Cape Santo Agostinho, which is of i igneous origin. * 
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Pissis, M. A.—Mémoire sur la position Géologique des Terraine de la Partie Australe du Brésil, et sur les Souléve- 
ments qui, & Diverses Epoques, ont Changé le Relief de cette Contrée, par M. A. Pissis (présenté a 1’ Acadé- 
mie das Sciences le 27 Juin, 1842). 


This paper relates mostly to the geology of the crystalline rocks of Rio de 
Janeiro, Sao Paulo and Minas Geraes. On pp. 397-8, he speaks of the tertiary along 
the coast between Rio and Bahia, and on pp. 398-9, on the Bahia basin. 

In the plates accompanying this memoir, he gives a section at Monserrate, Bahia, 
while his geological map represents the Bahia fresh water cretaceous basin as tertiary, 
with a fresh water division covered by marine beds. On this point, see Mr. Rathbun’s 
paper upon the geology of Ithaparica. On p. 403 eé€ seg., he discusses the “grands 
movements du sol” and gives a list of dips. Of the tertiary, he says that the marine 
tertiary of the coast is represented by lacustrine beds in the interior. 


Porro DE Souza BraziL, THoMAz.—Ensaio Estatistica da Provincia do Ceara, por Thomaz Pompeo de Souza Bra- 
zil, 1863. 


This work mentions, besides a list of minerals found in the province, the occur- 
rence of cretaceous and quaternary fossils at a number of places (pp. 144-160). 


Porto SEcuRo, VisconDE DE.—Historia Genal do Brazil antes de sua Separacio e Independencia de Portugal, pelo 
Visconde Porto Seguro, Rio de Janeiro, without date. Two vols. 


In Vol. I, p. 353, it is stated that the location of the city of Parahyba was fixed 

_by the existence there of a calcareous sandstone, which is in places a true limestone 

and in others marble. 

RATABUN, Ricwarp.—Sketch of the Life and Scientific Work of Prof. Charles Fred. Hartt, by Richard Rathbun, 
Proceedings of the Boston Society of Natural History, Vol. XIX, pp. 288-364, 1878. 

_ A list is given of the localities at which. cretaceous, tertiary and post-tertiary 
rocks occur. <A brief sketch is given of the work accomplished by the Commissao 
Geologica do Brazil, under Prof. Hartt, and of the geological structure of the various 
regions explored. | 
Ratusun, Ricuarp.—Observagées sobre a Geologia da Ilha de Itaparica na Bahia de Todos os Santos, por Mr. Richard 

Rathbun. Archivos do Museu Nacional. 

This paper deals with the geology of the island mentioned, but comparisons are 
made with the geology of the mainland. Most of the paper is occupied with a de- 
scription of the reefs. | 
Rarupon, RicHarp.—Preliminary Report on the Cretaceous Lamellibranchs Collected in the Vicinity of Pernambuco, 

Brazil, by Richard Rathbun. Proceedings of the Boston Society of Natural History, XVII, 1874, pp. 241-256. 

This paper describes twelve new species of Lamellibranchs of the collection made 
in 1870 by the Morgan expedition, under Prof. Hartt. The prefatory portion of the 

A. P. 8.—VOL. XVI. 30. 
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paper contains brief notes upon the stratigraphic geology, which are credited to the 
notes of Mr. Derby. 
Reape, T. MELLARD.—Denudation of the two Americas, by T. Mellard Reade, C.E., F.G.S8. American Journal of 


Science, Vol. XXIX, No. 172, April, 1885, pp. 290-300. Substance of Presidential Address to the Liverpool 
Geological Society, Session 1884-5. 


A part of this paper is devoted to the rate of denudation of the Amazon basin, 
and references are made to the nature and distribution of the rocks. 


Sampato, THEODORO FERNANDES.—Revista de Engenharia, Vol. VI (1884), pp. 52-54. Informagées a respeito dos 
caracteres geologicos do territorio comprehendido entre a cidade de Alagoinhas e a do Joazeiro, por Theodoro 
Fernandes Sampaio. 


Short but valuable notes upon the geology of the region along the railway line 
from Alagoinhas to the Rio Sao Francisco. The second chapter treats of the tertiary 
region, which is said to extend from Alagoinhas to Agua Fria, a distance of fifty-six 
kilometres. 


Smits, Herbert H.—Do Rio de Janciro a Cuyaba. Notas de um Naturalista, por Herbert H. Smith, Rio de Janeiro, 
1887. 


Reference is made, pp. 10-11, to the evidences of the elevation of the eastern 
coast of Brazil (Rio) during the quaternary. . 

Wiuiamson, E.—On the Geology of the Parahyba and Pernambuco Gold Regions, by E. Williamson. Transaction 
of the Manchester Geological Society, Part VII, Vol. VI. 

This paper is devoted to the occurrence of gold and to the geology of the erys- 
talline and metamorphic rocks of the region. A valuable note is given on the lime- 
stones and the tertiary beds which cover them. 
WoopwarpD, Henry.—The Tertiary Shells of the Amazon Valley, by Henry Woodward. From the Annals and 

Magazine of Natural History, for January and February, 1871. ip 
—Challenger Reports. Narrative, Vol. I, Part I, p. 215-217. 
The soundings and dredging along the Brazilian coast indicate that the ocean’s 


bottom is here remarkable for the absence of animal remains and glauconite, and that 
it is covered by fine red mud (pp. 215-217). 


ARTICLE VIII. 


DESCRIPTIONS OF NEW SPECIES OF FOSSILS 


FROM THE 


CLINTON, LOWER HELDERBERG, CHEMUNG, AND WAVERLY GROUPS, FOUND IN THE COLLEC- 
TIONS OF THE GEOLOGICAL SURVEY OF PENNSYLVANIA. 


BY GEORGE B. SIMPSON. 


Read before the American Philosophical Society, December 21, 1888. 


In determining the species in the collections of Messrs. Hall, Sherwood, Fellows, 
and others, I found a number of species which I could not reconcile with any known 
to me, or with any published in the books to which I had access. 

Prof. James Hall, of Albany, N. Y., was kind enough to review these specimens 
with me, and decided that many of them were new. Of these new species nineteen 
are described in this paper. The eleven other species I had no opportunity to submit 
to him, but I have no doubt that they also are species that have not hitherto been 


described. 
GrorGeE B. Simpson. 
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ORTUIS PENNSYLVANICA Simpson, n. sp., Fig. 1. 


Shell essentially circular, in nearly all the specimens observed, the height and 
width being equal; hinge line short, length equal to half the width of the shell; car- 


gx. 


ah 


dinal extremities rounded; lateral and basal mar-  yj)¢ ST Ya 
gins regularly rounded, except in the middle basal a . 


margin of the ventral valve, where there is a slight 
constriction. 


Dorsal valve somewhat gibbous, greatest con- site 
vexity a little above the middle; rapidly cury- A?s- Tr. 1889” 
ing to the cardinal and lateral margins; a little more gradually to the basal margins. 
Along the middle of the valve is a flattened or slightly depressed area, narrow at the 
beak, gradually growing wider, and comparatively broad at the base. 

Ventral valve. A perfect specimen has not been observed, but gutta-percha casts 
have been taken from impressions of fragments in the rock which probably belonged 
to this species. The valve is flattened, or of much less convexity than the dorsal 
valve, with a slight elevation along the middle, corresponding to the depression of the 
opposite valve. 

Surface marked by prominent, subangular, radiating striz, increasing by bifur- 
cation, of uniform size at the margins, where there are twelve in the space of 5 mm. ; 
-a short distance below the beak there are twenty in the same space. The radii are 
crossed by fine indistinct concentric striw, which on many specimens are obsolete ; 
also, at irregular intervals, by lines or varices of growth. 

On the cast of the dorsal valve the distance from the beak to the lower margin 
of the muscular impression is about one-half the length of the valve. Impression ovate 
in outline; width equal to or very slightly less than the length, with a deep depres- 
sion along the middle. On the ventral valve the impression is ovate, bilobed. The 
margins are distinctly lobed in four divisions. The greater portion of the specimens 
observed have a diameter of from 20 to 25 mm. 

This species may be distinguished from Orthis impressa, of this formation, by its 
smaller size and its more circular outline ; from Orthis tioga, by its more circular out- 
line, less conspicuous sinus and elevation, and ovate muscular impression. 

Formation and localities. Chemung group, Sullivan township, Tioga county; P. 
and H. Railroad, between Ludlow and Wetmore, and Kinzua creek near west line of 
McKean county; and at various other localities in Pennsylvania. 


ORTHIS SUBCIRCULA Simpson, n. sp., Fig. 2. 
Shell broadly oval, nearly circular; height usually about three-fourths the width ; 
greatest width just below the middle; cardinal line short, length less than half the 
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width of the shell; extremities curving outward, the lateral margins abruptly rounded, 
and the basal margins broadly rounded ; on the ventral valve slightly constricted at 
the middle. Dorsal valve flattened, greatest convexity a little 
below the beak, gently sloping to the front and lower lateral 
margins, more abruptly curving to the cardinal extremities ; 
at the middle of the base a shallow depression, which con- 
tinues about one-half of the distance to the beak. Ventral 
valve more convex, greatest convexity about one-third the length from the beak ; 
beak incurved and projecting beyond the area line. 

Surface marked by conspicuous radiating strisze, which are sometimes of uniform 
size, but usually near the base there are very fine alternating striw. The large striz 
are marked at infrequent intervals by elongate pits or openings. ‘The radiating striz 
are crossed by fine, indistinct concentric strie, and at greater intervals by distinct 


Tr, 1889) 


lines or varices of growth. 
On the casts of the interior of the ventral valve the muscular impression is ovate 


in outline, the length equal to more than two-thirds that of the shell; width two- 
thirds the length; bilobed by the callosity of the adductor muscle. The sides are 
somewhat distinctly lobed in three divisions. 

This species most closely resembles Orthis circulus of this formation, but the 
valves are inequal, the outline less circular, the greatest width being below the base, 
and is constricted at the base. The muscular impression is larger. 

Formation and locality. Clinton group, above fossil ore, from McKee’s ore bank, 
seven miles north-west of Lewistown, Mifflin county; also, ore mine north of Black- 
log creek, Orbisonia, Huntingdon county, Pennsylvania. 


CIONETES PUNCTATA Simpson, n. sp., Fig. 3. 


Shell semicircular, plano-convex or concayo-convex ; greatest width at about the 
middle of the shell; height from two-thirds to three-fourths the width; length of 
hinge line usually less than ae width of 
the shell, but sometimes equal to it and 
occasionally greater. The cardinal ex- 
- APS: tremities are rectangular, or sometimes. 
produced in slight acute extensions, rarely rounded ; lateral and dorsal margins reg- 


THK 1889s 


ularly rounded. 
‘Ventral valve, varying from moderately convex to gibbous ; greatest convexity 
at the middle, gently curving to the beak, more rapidly to the latero-basal margines.. 
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and abruptly towards the hinge line. At the cardinal extremities there is a flattened 
area 2 mm. or more in width, gradually growing narrower to the beak. 

Dorsal valve, variably concave, sometimes nearly flat, at other times following the 
contour of the ventral valve; always with a flat area corresponding to that of the 
opposite valve. 

Surface marked by rounded or subangular strize, which increase by bifurcation ; 
at the base there are four in the space of 1 mm. The radiating striz are crossed by 
extremely fine concentric stris, about twelve in the space of 1 mm., and at irregular 
intervals by more distinct lines of growth. 

On the hinge line are evidences of eight spines, four on cach side of the beak, 
short, slightly oblique. 

The interior of the ventral valve shows a narrow median ridge, with narrow oval 
occulsor muscular impressions. Corresponding to the radiating striz of the exterior 
are rows of small conical nodes, the bases of which are nearly in contact. They con- 
tinue nearly half way to the beak. 

The impression of the interior of the ventral valve has numerous puncte or 
holes, caused by the mucronate nodes of the interior ; it presents a peculiar clathrate 
appearance, which is sufficient to distinguish it from any other species. 

Formation and locality. Lower Helderberg group, Mansing’s quarry, near Haz- 

-ardyille, Carbon county, Pennsylvania. 


CYRTINA TRIPLICATA Simpson, n. sp., Fig. 4. 


Shell more or less triangular, subpyramidal; hinge line equal to the greatest 
width of the shell; proportional length and width somewhat variable; length of the 


dorsal valve from one-half to two-thirds the width; length of ventral valve about 
equal to the width; height of the area greater than the length of the dorsal valve. 
Ventral valve quadrilateral, subpyramidal ; most prominent at the beak, which 
is variable in elevation, straight, not arching over the area, usually attenuate ; lateral 
margins regularly rounded. Mesial sinus narrow at the beak, rapidly widening as it 
extends forward, and becoming deep; where it reaches the margin the shell is pro- 
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duced in a conspicuous sublinguiform extension. Sides of the sinus flat, abruptly 
sloping, making the bottom angular. Area large, triangular, varying in height; 
sometimes nearly equal to the width of the shell, at other times not more than half 
the width; slightly oblique; striated in both directions ; the longitudinal striz dis- 
tinct; the vertical strize much fainter and frequently obsolete; fissure moderately 
narrow and closed by a convex pseudo-deltidium. 

There are three or four plications on each side of the sinus, the two bounding the 
sinus being much more prominent than the others. 

Dorsal valve semicircular or subtrigonal in outline; length from one-half to 
two-thirds the width. Mesial fold broad, prominent, extremely elevated in front, 
bounded by broader furrows than those between the plications. There are two plica- 
tions on each side of the mesial fold, the two plications adjacent to the fold being 
much more prominent than the others ; on some of the specimens nearly as promi- 
nent as the fold itself, the other two plications being obscure. 

The surface of both valves is ornamented by very fine and delicate concentric 
strize, which are obsolete on all but the perfectly preserved specimens. There are also 
more conspicuous lines of growth which are most prominent on the anterior portions 
of the shell. . 

This species most closely resembles Cyrtina hamiltonensis, but may be distin- 
guished by the two prominent plications adjacent to the medial fold; this feature will 
serve to distinguish it from other species of the genus at present known. . 

Formation and locality. Chemung group, three miles north-west of Warren, 
in Warren county, Pennsylvania. 


SYRINGOTHYRIS ANGULATA Simpson, n. sp., Fig. 5. 


This species closely resembles 8. randalli ; but the specimens are usually of 
smaller size; the mesial sinus and fold proportionately narrower; the cardinal ex- 
tremities angular and frequently attenuate. 


APS. Tr. 1389. 2 
Formation and locality. Waverly group, near Warren, Warren county, 
- c. . a eS fs 


sylvania. . “3 oe 
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SYRINGOTHYRIS RANDALLI Simpson, n. sp., Fig. 6. 


Shell transversely semi-elliptical or semi-circular ; ventricose, becoming gibbous' 
with age; length usually about one-half the width, but sometimes three-fourths ; 


A.P.S. Tr. 1889. 


hinge line straight, length equal to the greatest width of the shell. Cuardinal angles 
more or less rounded, not attenuate. | 

Ventral valve with a high vertical or slightly sloping cardinal area, from the 
apex of which the sides of the shell curve outward to the antero-basal margins. 

A median sinus begins at the beak, rapidly widening as it extends forward, and 
becoming deep, with abruptly sloping sides; where it reaches the margin the shell is 
produced in a conspicuous linguiform extension. 

The deltidial aperture is covered for about one-half its length from the beak, by 
an arched transverse callosity or pseudo-deltidium. The edges of this callosity unite 
with the strong dental lamellz, which divide the rostral portion of the shell into three 
chambers ; and from the inner posterior surface of the callosity extends the syringo- 
thyral tube, which is unusually broad near its posterior extremity, but tapers rapidly 
to an open termination, sloping into the internal cavity. This tube is split for its 
entire length along its outer surface, and appears to have been thickened and filled in 
its posterior portion with the increasing age of the animal. 

Dorsal valve convex, greatest convexity at about one-third the length of the 
shell from the beak ; convex to the cardinal line, becoming somewhat flattened at the 
cardinal extremities; gradually curving to the lateral and basal margins. Mesial 
fold narrow at the beak, rapidly widening and becoming prominent below; produced 
at the margin corresponding to the linguiform extension of the ventral valve. 

Surface of the valve ornamented. by from. forty to sixty costz, which occur both 
on the sides and the sinus. Radiating striz crossed by concentric strix, which, in 
the specimens observed, are most conspicuous on the mesial fold and sinus. There 
are also lines of growth, which are usually the strongest on the anterior portion of 
ALP. S—VOL. XVI. 3D. 
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the shell. Horizontal lines of growth, without vertical cross lines, are conspicuously 
developed on the cardinal area. 

On the ventral valve the muscular scars are strongly developed, and extend over 
nearly two-thirds the length of the shell; ovate in outline, the width being equal to 
three-fourths of the length; the area being largely occupied by the cardinals, between 
which lie the narrow linear adductors. The casts of the dorsal valve show the marks 
of the deeply striated cardinal process and elongate tooth-sockets. In casts of the 
ventral valve the whole upper portion and the area are marked by numerous irregu- 
larly disposed prominent pustules. 

From the external characters alone it would be impossible to separate this species 
from Spirifera disjuncta, but the internal differences are generic. 

Formation and locality. Chemung group, near Warren, Warren county ; and at 
Union City, Erie county, Pennsylvania. 


MERISTELLA INCERTA Simpson, n. sp. Fig. 7. 


Shell subrhomboidal, greatest width at or a little below the middle; length of 
the ventral valve equal to the width; of the dorsal valve, slightly less. Valves con- 
MG vex, the ventral valve being the most gibbous. An- 
tero-basal margins gently curving outward, at the 
middle abruptly rounding and the front produced in_ 
; a broad extension. 
ees Dae Se Ventral valve the more convex; greatest con- 
vexity a little above the middle, abruptly curving to the cardinal margins, and more 
gradually to the front. A comparatively deep, broad sinus extends from the beak to 
the base, forming one of the most conspicuous features of the species. Umbo promi- 
nent. The beak is broken away on the specimens observed, but enough remains to 
show that it was rounded, closely incurved, nearly at right angles to the plane of the 


axis. 

Dorsal valve less convex than the opposite, greatest convexity above the middle, 
regularly curving to the antero-basal margins, elevated towards the base into a mesial 
fold, which is much less conspicuous than the corresponding depression of the ventral 
valve; beak small, incurved, lying below that of the opposite valve. | 

The general aspect of the surface is that of a smooth shell with a few strong 
lines or varices of growth. There are indications of radiating striz, and it is -possi-- 
ble that specimens in a better condition of preseyara would show both radidene 
and-concentric striz. 
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The form of this species is very similar to that of Meristella bella, of the Lower 
Helderberg group, but that species has a depression on both the ventral and dorsal 
valves, while this species has a fold on the dorsal valve. The subrhomboidal form 
distinguishes it from any species of the Upper Helderberg groups. 

Formation and locality. Chemung group, near Warren, Warren county, Penn- 


sylvania. 


RUYNCHONELLA (STENOCHISMA) LAVIS Simpson, n. sp., Fig. 8. 


Shell ovate or subtrigonal; valves subequally convex in young shells; in 
older shells the dorsal valve usually the most gibbous. The width is slightly less 
than the height; greatest width about two-thirds the length from the 
beak; margins from the apex to this point slightly curved outward, 
nearly straight, then somewhat abruptly rounding, and at the base pro- 
duced in a slight extension. 

Ventral valve depressed convex; slightly gibbous at about one-third 
the length from the apex, curving abruptly to the cardinal and antero-basal margins, 
more gradually to the lower lateral margins, becoming depressed in a shallow sinus, 
which commences at about one-third to one-half the length from the beak; beak 
‘slightly incurved, strongly projecting beyond the beak of the opposite valve. 

Dorsal valve convex, greatest convexity at or a little below the middle, gradually 
curving to the apex and cardinal margins, more abruptly to the lateral margins ; 
mesial fold commencing at a little above the middle and often becoming prominent at 
the front; beak small and nearly straight. 

Surface marked by from ten to twelve rounded or subangular plications, which 
become obsolete on the upper portions of the valves. ‘The mesial fold is composed of 
three plications much more prominent than the others. In the sinus there are three 
plications smaller than the others; the two plications bordering the sinus larger than 
those on other portions of the shell. 

The specimens observed have a length of 9 or 10 mm., and a width of from 7 to 
9 mm; a transverse section broadly oval, having a width of 5 or 6 mm. 

This species is easily distinguished from any other of this formation at present 
known. The outline is very similar to some of the forms of 2. (Stenochisma) eximia, 
of the Chemung group, but the shell is smaller, the plications of the fold and sinus 
are fewer and the plications become obsolete on the upper half of the valve. 

Formation and locality. Clinton group, limestone, two miles south-west of Bell’s 
mills, Blair county, Pennsylvania. 


APS. Tr. 1889, 
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RHYNCHONELLA MEDIALIS Simpson, n. sp., Fig. 9. 

Shell broadly oval or subtrigonal in outline; height a little less than the width; 
greatest width about two-thirds the length of the shell from the beak. Margins from 
the apex to the widest portion of the shell nearly straight, then abruptly rounding 
and slightly produced in front in a broad extension. . 

Ventral valve convex at the sides, depressed in the middle; mesial sinus com- 
mencing at the apex and growing wider to the base, where it occupies fully one-half 
of the width of the valve. 

Dorsal valve unknown. 

Surface marked by about twenty plications, of which eleven occupy the mesial 
sinus, and are smaller than those on other portions of the valve, there being five in 

fil) the same space occupied by three of the others; plications 
rounded or subangular. There are also very fine radiating strize 
covering the plications, four or five in the space of 1mm. The 
plications are crossed by lines or varices of growth. No con- 
centric striz have been observed, though they may oceur on more 


perfectly preserved specimens. 
The specimen from which the above description was taken has a height of 
25 mm., and a width of 30 mm. 


This species is associated with hynchonella , but may be readily dis- 


tinguished by its size and the much larger number of plications in the mesial fold. 
The only species approaching it in that respect is 2. (S.) venustula, of the Hamilton 
group, but they are so unlike in other respects that there will be no bape in dis- 
tinguishing them. . 

Formation and locality. Waver ly group, near Warren, Warren core Penn- 
sy Ivania. 


RUYNCHONELLA STRIATA Simpson, n. sp., Fig. 10. 
oo the ventral valves of this species have been observed, but tthe differ « so 
much from known forms that it is necessary to consider oo 
as belonging to a new species. 
Shell subtriangular ovate, apex pointed ; length and width 
about equal. Margins from the apex to below the middle 
nearly straight, broadly rounding below, and at the base pro- 


it eee duced in a broad extension. | at ee e- 
i a tniack Veutral valve convex at the sides, depressed Fe tha niddlk 

Mesial sinus beginning near the apex and continuing to the base, beae 
broad as it approaches the front. 
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Surface marked by thirteen plications, of which five occupy the mesial sinus, the 
three central ones being larger than the outer ones, but all smaller than those on 
the other portions of the shell; plications subangular or angular. There are also 
very fine radiating striz on the plications, three in the space of 1mm. The plica- 
tions are crossed by fine concentric stria, which are most. prominent on the front of 
the valve, becoming obsolete above, and also by stronger imbricating lines or vari- 
ces of growth. 

The specimens observed have a height of about 35 mm.; width just below the 
middle equal to the height. 

This species may be distinguished from any other of this formation by its large 
size, deep sinus and radiating striations. This species closely resembles hyncho- 
nella missouriensis of the Kinderhook group, but the shell is larger, the apex more 
pointed, giving an angular appearance to the upper portion of the shell, and the 
greatest width is below the middle. 

Formation and locality. Waverly group, four miles south-west of Warren, 
Warren county, Pennsylvania. 


AVICULOPECTEN ZQUALATA Simpson, n. sp, Fig. 11. 


Shell of medium size, equilateral, not oblique, nearly circular; length a little 
more than the width; basal and lateral margins below the ears regularly and broadly 
rounded. 

Left valve flattened; greatest convexity a little more than one-fourth the length 
of the shell from the beak ; very gradually sloping tothe mT 
lateral and basal margins. 

Right valve unknown. 

Hinge line straight; length a little more than two- 
thirds the width of the shell, central, not extending as 
far as either lateral margin. 
| Beak obtuse, rounded, straight ; umbo prominent, 
well defined by its slightly eibous form and its rapidly 
sloping sides. 


VINE. 


A.PS. .Tr.1889 
Ears subequal, narrow, triangular, and each separated from the body by a nar- 
row sinus; lateral margins convex. 
Surface ornamented by narrow but distinct rays of aedentinlls: uniform size ; at 
the base there are six or seven in the space of 5 mm.; a little above the middle of 
the shell there are twelve in the same space; interspaces wider than the rays. The 
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rays are crossed by fine, concentric, crenulating striz, which become fasciculated on 
the anterior ear. Near the base there are frequent concentric undulations. 

The specimen from which the description was made measures as follows: height 
50 mm. ; width 50 mm.; length of hinge line 35 mm. 

Formation and es Chemung group, one mile north of Warren, Warren 
county, Pennsylvania. 


LYRIOPECTEN ALTERNATUS Simpson, n. sp., Fig. 12. 


Shell large, broadly ovate, nearly circular; height about equal to the longitudinal 
diameter; basal and lateral margins regularly rounded. 

Left valve moderately convex; greatest convexity above and a little anterior to 
the eee gr pdnaiy, sloping: to the base, more abruptly curving to the cardinal and 

ehet eee antero-basal margins. 

Right valve unknown. 

Hinge line straight, length a little more 
than one-half the transverse diameter of the 
valve. 

Anterior ear short, triangular, not well de- 
fined ; posterior ear triangular, flat; limits not 
well defined except near the beak; margin 
slightly concave, nearly straight; extremity 
angular. 

Ie as a: i Surface marked by more than thirty com- 
aps. Tries, ea UA SP paratively strong, sharply rounded rays; between 
adjacent prominent rays are usually three smaller rays, the central one of which is 
larger than the others, occasionally nearly as prominent as the principal ones; the 
other two are much finer. On and neur the posterior ear, and also near the anterior, 
this disposition is not conspicuous, the radii being more nearly of the same size. The 
radii are crossed by occasional lines of growth. No concentric strie have been 
observed. | . 

This species somewhat resembles Lyriopecten tricostatus of this formation, but 
may be distinguished by its more nearly circular form, by the greater number of and 
less prominent radii, and the stronger central one of the three intermediate strie 5 
from L. magnificus and L. macrodontus by its smaller size and ihe decid difference 
in the ornamentation of the surface. . 

Formation and locality. Chemung 
county, Pennsylvania. 
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LEPTODESMA LEIOPTEROIDES Simpson, n. sp., Fig. 13. 


Shell above the medium size, subrhomboidal ; body elongate ovate, oblique at an 
angle of about fifty degrees to the hinge line; height a little less than two-thirds the 


VIN, 
RSE 


tps: Tris) 


. length ; antebyssal margin rounded, much constricted at the byssal sinus, then broadly 
rounding, somewhat abruptly recurving at the postbasal extremity. 

Left valve gibbous above the middle, becoming flattened on the postero-basal 
portion. Right valve unknown. 

Hinge line straight, length unknown, as a perfect specimen has not been observed. 

Beak subanterior, prominent, oblique, directed forward; umbonal region gib- 
bous, descending more abruptly on the posterior than on the anterior side. 

Anterior end short, angular at the extremity, rounded below, separated from the 
body by a distinct, nearly vertical byssal depression. Wing narrow, triangular, 
joining the body at a little more than one-third the length of the valve from the 
posterior extremity ; margin oblique below, becoming deeply concave and abruptly 
curving backward, and probably produced in a spiniform extension. 

Surface marked by concentric strize which are most distinct on the wing near the 
body, being often fine, sharp, and lamellose in appearance; frequently on the body 
becoming fasciculated and producing an undulated surface. The wing is sepa- 
rated from the body by a well-defined, narrow groove, which regularly curves inward 
from the beak to the junction of the wing with the body. 

The specimens vary in proportional height and length ; two left valves having re- 
spectively a length of 60 and 50 mm. and a height of 40 and 45mm. The width 
of the body of the longer specimen at the eee of the wing with the body is 30 
mm., of the shorter one 35 mm. 

The specimens usually hayé somewhat the appearance of the genus Leiopteria. 

Some of the specimens resemble Leptodesma billings? of this formation, but may 
be distinguished from that species by the greater width of the lower portion of the 
_ body, the larger wing and the very distinct separation of the body and wing. 
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Formation and locality. Chemung group, near Warren, Warren county, Penn- 
sylvania. 


LEPTODESMA PARALLELUM Simpson, n. sp., Fig. 14. 


Shell small, slightly oblique; body ovate; the basal margin frequently nearly 
parallel with the hinge line; length usually a little more than twice the height; 


=e anterior margin rounded; basal margin nearly straight, a little con- 
ea stricted anterior to the middle; abruptly recurving at the postero- 
(APS! Tr. 1889: basal extremity; the posterior margin being obliquely truncate. 

Left valve convex, greatest convexity at the umbonal region, becoming flattened 
at the postero-basal portion. 

Right valve a little more convex than the other but not gibbous. 

Hinge line straight, length about three-fourths that of the shell. 

Beak about one-fourth the length of the shell from the anterior end, prominent, 
directed forward ; umbonal region convex, descending much more abruptly on the 
posterior than on the anterior side. ; 

Anterior end short, angular at the extremity, rounded below. A depression ex- 
tends from near the beak to the basal margin a little anterior to the middle. Wing 
very narrow, triangular, joining the body nearly at the posterior extremity; margin 
of wing straight, oblique; extremity obtusely angular. The wing is distinetly sepa- 
rated from the body. re 

Surface marked by concentric strix, which frequently fasciculate on the anterior 
portion of the shell. There are also concentric undulations. | 

This species most closely resembles Leptodesma propingum, but the wing is more 
distinctly separated from the body, and the body is much less oblique, the basal 
margin being sometimes nearly parallel with the hinge line; this latter feature will 
serve to distinguish it from any other species at present known. When a little 
covered by the rock it might easily be mistaken for some form of Sphenotus. 

Formation and locality. Chemung group, hill north of Warren, Warren county, 
_ Pennsylvania. 


PTYCIOPTERIA OBSOLETA si n.sp., Fig. 15. 


es margin abruptly rounded ; ches margin a wae ara at ‘the ex 
concave at the middle ; posterior margin somewhat abruptly recurved. 
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Right valve unknown. Left valve moderately convex; greatest convexity at 
the umbonal regions. 

Hinge line essentially straight; length a little less than that of 
the body. 

Beak situated at about the anterior fourth of the shell, small, 
extending beyond the hinge line. A shallow broad sinus extends = 
from the beak to the basal margin a little anterior to the middle. ApS. Tree. 

Anterior extremity acuminate, margin rounded. 

Wing triangular, joining the body at the posterior extremity; margin for a short 
distance straight, then abruptly curving forward, and just before reaching the car- 
dinal line curving upward. Wing convex; flattened immediately below the cardinal 
line; separated from the body by a narrow but conspicuous depression. 


NUN Gov 


Surface ornamented by faint radiating strisw, which are obsolete, except on per- 
fectly preserved specimens, and also by fine concentric striz, which frequently become 
fasciculate on the anterior portion of the shell. 

This species may be distinguished from any other at present known by the,slight 
obliqneness of the body of the shell, the basal margin being nearly parallel with the 
hinge line; the margin is decidedly convex; in nearly all other species it is straight 
or concave; the wing extends beyond the body of the shell. ‘he outline is very 
_ similar to that of some forms of the genus Cypricardinia. 

Formation and locality. Chemung group, hill north of Warren, Warren county, 
Pennsylvania. 


MODIOMORPHA RIGIDULA Simpson, n. sp., Fig. 16. 


Shell of medium size or smaller, subquadrangular in outline; height a little more 
than three-fifths the length of the shell; basal margin regularly and gently curving 
from the anterior to the postbasal extremity ; posterior margin gently 
curved, slightly oblique, sometimes nearly at right angles to the basal 
margin ; cardinal line essentially straight ; anterior rounded abruptly, 
extended, without limitation by a sinus. 

Beaks a little more than one-fourth the length of the shell from the anterior end; 
umbonal ridge prominent, extending from the beaks to the postbasal extremity. 
Valves convex towards the basal margin, becoming gibbous above the middle and in 
the umbonal region ; posterior slope convex near the beaks, becoming flattened as it 


APS. Tr. 1889, 


approaches the posterior margin. 
Surface marked by concentric strize which frequently become obsolete on portions 


of the shell. 
A. P, ae VOL. XVI. SE. 
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On casts of this species the pallial line is sometimes so strong as to give a 
distorted appearance to the specimen. 

This species may be distinguished from Modiomorpha rigida, of this formation, 
by its greater gibbosity, the less oblique posterior margin, less clearly defined umbonal 
ridge, and the more prominent beaks. 

Formation and locality. Chemung group, Tioga village, Tioga county, Penn- 


sylvania. 
MODIOLOPSIS SUBRHOMBOIDEA Simpson, n. sp., Fig. 17. 


Shell of medium size, rhomboid ovate in outline; length twice the height; basal 
margin slightly convex along the middle, curving to the extremities ; posterior mar- 
gin abruptly rounded below, somewhat more gradually recurving 

\\ to the cardinal line; cardinal margin slightly arcuate; anterior 
me -) margin sharply renee 
—— Valves flattened, greatest convexity at the umbonal ridge. 

Hinge line slightly oblique, extending a little more than two-thirds the length of 
the shell. 

Beaks appressed, situated about one-fourth the length of the shell from the 
anterior end; umbonal ridge not distinctly defined ; posterior slope rounded, becom- 
ing flattened just before reaching the cardinal line. . 

Surface marked by fine concentric lines, and at irregular distances apart by 
varices of growth. é 

The anterior muscular impression is moderately large, well marked, and situated 
just within the anterior margin below the beak. The best preserved specimen has a 
length of 24 mm., and a height of 13 mm. 

This species may be distinguished from JZ. subcarinatus by the less clearly 
defined umbonal ridge, the somewhat arcuate hinge line, and the absence of a constric- 


Va. 2" a =y 


tion in the basal margin. 

Formation and locality. Clinton shale, above fossil ore, at McKee’s ore bank, 
north-east of McKee’s house, Ferguson valley, seven miles north-west of Lewistown, 
Mifflin county, Pennsylvania. 


GONIOPHORA CURVATA Simpson, n. sp., Fig. 18. 


Shell trapezoidal, medium size or smaller ; length usually about twice the height, 
sometimes a little less; anterior end rapidly declining from the beaks, abruptly 
rounded below ; basal margin gently rounding, sinuate a little anterior to the middle; 


— 
* 
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posterior margin obliquely truncate; cardinal line very slightly oblique, straight ; 
hinge line about two-thirds the length of the shell. 

Valves convex below the umbonal ridge, gibbous in the umbonal region; um- 
bonal slope flat or a little concave. Vilgs 422" af 


Beaks at the anterior end, acute, incurved; umbonal Lilie 
ridge very prominent, angular, extending from the beak to fi 
the basal extremity, curved. Along the middle of the pos- hes: 
terior slope is a low rounded or subangular ridge, moderately conspicuous. 

Test marked by concentric striz, which become fasciculate on that portion of the 
shell below the umbonal ridge. The test is raised in a crest along the umbonal 
ridge. 

Anterior muscular impression situated at the anterior edge, ovate width two- 
thirds the length ; pallial line near to and parallel with the basal margin, appearing 
as a shallow groove on the casts ; posterior muscular impression not observed. 

A specimen of medium size has a length of 40 mm., and a height of 18 mm. 
Other specimens preserve about the same proportion. 

This species closely resembles Goniophora truncata of the Hamilton group, but 
the hinge line is much longer, and the posterior margin correspondingly less oblique. 
From Goniophora chemungensis it is distinguished by its smaller size, more distinctly 
curved umbonal ridge, and the ridge along the middle of the umbonal slope; from G. 
perangula by the less angular form of the shell, the much less oblique posterior mar- 
gin, and the ridge on the posterior slope; from G. subrecta by its much smaller size 
and the ridge on the posterior slope. 

Formation and locality. Chemung group, near Warren, Warren county, Penn- 
sylvania. 


NUCULA SINUOSA Simpson, n. sp., Fig. 19. 


Shell small, ovate cuneate in outline, subnasute behind; height varying from 
one-half to two-thirds the length, usually slightly more than one-half; anterior and 
middle portions of the basal margins rounded, somewhat ab- va << 
ruptly constricted towards the posterior end; posterior margin €&© 
obliquely truncate ; anterior end abruptly rounded; cardinal 
line, anterior to the beak, sharply declining; more gradually 
sloping to the posterior. 

Valves slightly convex, greatest thickness of he shell a 
short distance below the umbo. 


ape 1889, 
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Beaks from one-third to three-fifths of the length of the shell from the anterior 
end, extending above the hinge line, compressed, sharp, not prominent. 

Umbonal ridge distinctly defined, subangular, with a shallow depression below 
it, which is most conspicuous at the postbasal margin, becoming obsolete on the 
upper half of the shell; posterior slope marked by fine, sharp, slightly divergent 
strie. There are also fine concentric striations, which on the specimens observed are 
obscure, the surface appearing smooth. 

Hinge line marked by frequent crenulations. 

Three specimens measured have each a length of 10 mm.; height varying from 
5 to 7 mm. | 

In the striation of the posterior slope this species resembles Vucula poststriata, 
of the Trenton and Hudson River groups, but may be distinguished from that species 
by its less gibbous form, the constriction of the postbasal margin, and the conspicu- 
ous depression below the umbonal ridge. 

Formation and locality. Clinton group, McKee’s ore bank, seven miles north- 
west of Lewistown, Mifflin county, Pennsylvania. . 


NUCULA SUBTRIGONA Simpson, n. sp., Fig. 20. 


Shell somewhat variable in form, usually subtrigonal ; length and height about 
equal; basal margin regularly rounded, not constricted toward the posterior end; 


vil ~ 
a ye : a 
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posterior margin rounded or obscurely truncate ; 


anterior margin abruptly rounded; cardinal line 
very abruptly declining anterior to the beak, more 
Kps,  Trigea- gradually declining to the posterior. 
Valves slightly convex, somewhat flattened as they approach the basal margin. — 
Beaks about one-third the length of the shell from the anterior end, not promi- 
nent, compressed, extending above the hinge line; umbonal ridge obscure, very 
slightly arching upward ; posterior slope very narrow, rounded. . 
Surface marked by fine concentric strive and occasional varices of growth. The 
concentric strix are often very obscure, the shell appearing essentially smooth. 
Hinge line, posterior to the beak, marked by a row of fine transverse teeth. 
Three specimens representing the extremes in form measure respectively 10, 4 
and 4 mm. in length, and 10, 3 and 2 mm. in height. Larger specimens occur. 
This species may easily be distinguished from NW. sinuosa by the absence of a 
constriction in the basal margin, furrow below the umbonal ridge and strie on the pos- 
terior slope. aT 
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Formation and locality.’ Chemung group, north of Blacklog creek, Orbisonia, 
Huntingdon county, Pennsylvania. 


TELLINOMYA (PALAZSONEILO) CUNEATA Simpson, n. sp., Fig. 21. 


Shell small, ovate cuneate in outline; length twice the height; basal margin 
broadly rounding, becoming constricted or arcuate at about one-third the length of 
the shell from the anterior end ; posterior margin short, obliquely 
truncated ; cardinal line essentially straight, sloping at nearly the 


same angle anteriorly and posteriorly to the beaks; anterior end 
large and regularly rounded. 


Greatest convexity of the valves above the middle and in the umbonal region. 
Beaks about central, slightly incurved, extending a little above the hinge line; um- 
bonal ridge clearly defined, subangular; posterior slope declining regularly and 
abruptly to the cardinal line. Below the umbonal ridge there is a broad shallow 
depression, extending from near the beaks to the base and constricting the basal 
margin. © 

Surface marked by strong, lamellose, concentric strive at regular distances apart, 
and by very fine concentric lines between the lamellose striz. 

On the specimens observed there are eight or nine transverse teeth on each side 
of the beak. 

The specimens measured have a length of 12 mm., and a height of 6 mm. 

This species may be distinguished from Z..(P.) diminuens of this formation by 
its smaller size, more distinct lamellose striations and the less. abrupt constriction of 
the posterior portion. 

Formation and locality. Clinton group, seven miles north-west of Lewistown, 
Mifflin county; and north of Blacklog creek, Orbisonia, Huntingdon county, Penn- 
sylvania. 


TELLINOMY A (PALAZONEILO) DIMINUENS Simpson, n. sp, Fig. 22. 


This species is very similar to the preceding, but is usually larger, the specimens 
observed having a length of from 23 to 25 mm., and a va. ppm, 


height of 11 or 12mm. The posterior portion is more 
abruptly constricted, the lamellose striations are not so 
prominent and are more closely arranged. ‘ 

_ Formation and locality. Clinton group, McKee’s ore ¢¢5 oy tan 
bank, north-east of McKee’s house, Ferguson valley, seven miles north-west of Lew- 
istown, Mifflin county, Pennsylvania. 
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PLATYCERAS BREVE Simpson, n. sp., Fig. 23. 


Shell of medium size, apex not incurved; body straight; rapidly increasing in 
size; width at the base equal to the length of the anterior side; length of the poste- 


APS. Tr. 1889. 


rior side from two-thirds to four-fifths that of the anterior; both sides convex; on 
the anterior side there is a prominent subangular elevation, commencing at the apex 
and continuing to the base; on each side of the carina a slight depression; other 
portions of the shell without plications or elevations. 

Aperture circular; peristome, as far as can be ascertained, not sinuous. 

Surface marked by elongate pustules, subregularly arranged, giving to the sur- 
face the appearance of being coarsely striated, three in the space of 5mm. There 
are also faint indications of concentric striz. 

A specimen of average size measures as follows: Diameter of aperture 23 mm.; 
length of the anterior side 20 mm.; of posterior 15 mm.; height 15 mm. 

The characteristics of this species are the short conical form, the rapid enlarge- 
ment from the apex to the base, and the elongate pustules of the surface. 

From those species having a carina it is distinguished as follows: From Platy- 
ceras carinatum by its conical form, the straight apex, the absence of plications and 
the non-sinuosity of the peristome; from Platyceras mitelliforme by its larger size, 
conical form and the ornamentation of the surface; from Platyceras conicum by its 
shorter form and the absence of conspicuous plications and the consequent non-sinu- 
osity of the peristome. It most closely resembles Platyceras dorsale of this forma- 
tion, but it is shorter, much less oblique ; posterior side straight or convex; the apex 
more central and does not project beyond the base, while in that species the apex 
projects beyond the base a distance nearly equal to half the diameter of the aperture. 

Formation and locality. Chemung group, near Warren, Warren county, Penn- 
sylvania. : 


PLATYCERAS DORSALE Simpson, n. sp, ig. 24. 


Shell obliquely subconical; anterior side curved ; posterior straight or concave ; 
apex not incurved, laterally compressed ; body of the shell regularly increasing in 


s 
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size, rounded; width at the base equal to three-fourths of the length of the ante- 
rior side; length of the posterior side one-half that of the anterior; right and 
left side usually equally developed, but on one speci- 
men the right side has a little the greater develop- 
ment. On the anterior side there is a conspicuous 
rounded or subangular elevation extending from the 
apex to the base ; on the posterior side is an elevation 
beginning at about one-half the length of the side 
from the apex, and continuing to the margin; on 


each side of this elevation a comparatively broad shal- 
low depression, of the same extent as the elevation. toate s 

Aperture circular; peristome slightly sinuous at the elevations. 

Surface marked by fine radiating lines; at the base there are three in the space 
of 1 mm., above they are much more closely disposed ; the radii are crossed by fine 
concentric striz ; the surface presenting a cancellated appearance when the specimen 
is well preser Sed. ; 

One specimen measures as follows: Length of the anterior side 32 mm., of pos- 
terior 18 mm., height of shell 18 mm. Another specimen, which Rani belongs 
to the same species, is flattened, but that may be due to pressure; it measures as 

follows: Length of. the anterior side 45 mm., of the posterior 22 mm., width at the 
base 85 mm.; height of shell 18 mm. 

This species most closely resembles Platyceras breve of the same locality, but 
the anterior side is much longer and the posterior side proportionally shorter, the shel] 
more oblique and not so regularly conical; it has an elevation and two depressions on 
the posterior side, and the surface has fine radiating strive, the surface of P. breve 
being marked by elongate pustules ; from Platyceras striatum it may be distinguished 
as follows: It is more oblique, the posterior and anterior sides are more unequal, and 
it is without the conspicuous plications characteristic of that species. It resembles 
Platyceras mitelliforme in having a prominent carina, but it is a larger form and the 
apex is not bent or incurved. From Platyceras conicum it may be distinguished by 
the absence of conspieuous plications; and from P. carinatum by the straight apex 
and the absence of conspicuous plications. 

Formation and locality. Chemung group, three miles north-west of Warren, 
Warren county, Pennsylvania. - 


~ 
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PLATYCERAS INASQUALE Simpson, n. sp., Fig. 25. 


Shell small, subangularly ovate; apex minute, incurved, making less than one 
turn, very thin and angular; inclined or twisted to the right. The body of the shell 
expands rapidly; anterior side curved, sometimes 
forming nearly half a circle; posterior side also 
curved, but in a lesser degree; width of base from 
one-half to three-fourths the length of the anterior 
side; posterior side one-third the length of the 
anterior. 


Tr. 1889. 


The left side is flattened or only very slightly convex, and is often nearly or 
quite at right angles to the base, making a sharp angle or ridge between the side and 
the back of the shell. The right side is convex and much more developed than the 
left. In front the shell becomes flattened near the margin. . On the left side, about 
half way between the base and angular carina, there is a low rounded ridge, com- 
mencing near the apex and continuing the length of the shell, though this feature in 
many of the specimens is obscure. 

Aperture circular or broadly oval. 

Most of the specimens observed are casts or macerated so that the surface char- 
acters are obsolete. On some of the specimens there are evidences of strong radiating 
striw or elongate pustules, and when well preserved there are numerous concentric 
striz. 

The characteristics of this species are the pinched appearance of the apical 
portion, and its inclination to the right, and the much greater development of the 
right side; in the latter feature it resembles Platyceras cymbeum, but it is a much 
smaller shell, and the plications are very much less prominent ; from Platyceras mitel- 
liforme it may be distinguished by the inequality of its sides, in that species the 
prominent ridge being in the middle of the shell, both sides being equally developed. 

Formation and locality. Chemung group, four miles north-west of Warren, 
Warren county, Pennsylvania. 


PLATYCERAS MITELLIFORME Simpson, n. sp., Fig. 26. 


Shell small, obliquely arcuate from the base ; apex incurved, making part of one 
volution; below which the body volution rapidly increases in size. Width at the 
base equal to three-fourths the length of the anterior side ; length of the posterior side 
less than one-half of the anterior; right and left sides equally developed. 

Anterior side convex, with a prominent, broad, rounded carina along the middle; 
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on each side of the carina, towards the base, a shallow depression. On some of the 
specimens there are indications of very slight plications on the posterior side. 


Aperture oblique, broadly elliptical; peristome a lit- 
WG. ae 


tle sinuous at the carina, and sometimes slightly sinuous, 
corresponding with the faint folds of the posterior side. 
Surface marked by concentric lines and by broad un- 


dulations, which sometimes give to portions of the shell gps, rr1899. 
a lobed appearance. | 

A specimen of about the average size measures as follows: Height 12 mm. ; 
length of the anterior side 25 mm.; of the posterior 8 mm.; width at base 22 mm. ; 
thickness 18 mm. 

The characteristic feature of this species is the prominent carina or elevation 
along the dorsum. 

It may be distinguished from Plat yceras inequale of this formation by its some- 
what larger size, the prominent carina, and the equal development of the right and 
left side; from Platyceras dorsale by its smaller size, its flattened form (a transverse 
section being oval), and by the partial volution of the apex; from Platyceras ( Or- 
thonychia) striatum by its arcuate form, the prominent carina and the absence of con- 

spicuous plications; from Platyceras carinatum by the equal development of the right 
and left sides, and the absence of conspicuous plications ; from other species at 
present known, by its small size, decidedly curved form, and prominent carina. 

Formation and locality. Chemung group, near Warren, Warren county, Penn- 
sylvania. 


PLATYCERAS STRIATUM Simpson, n. sp., Fig. 27. 


Shell subconical ; apex not incurved or bent ; body essentially straight ; sides a 
little curved from the base to the apex ; right and left sides equally developed ; width 
at the base, length of anterior and posterior sides equal. On the anterior side is a 
narrow, angular, conspicuous carina, extending from wig. 


the apex to the base; on the posterior side are three 
oblique, broad, prominent, rounded ridges, with de- 
pressions between them, which are wider than the 
ridges. = { | 

Aperture oval. The bases of all the specimens 473 +y 297 
observed are attached to the rock so that the form of the peristome can not be defi- 
nitely ascertained. 

A. P. 8.— VOL. XVI. 3F. 
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Surface marked by comparatively strong, radiating strie, which are sometimes 
continuous, at other times interrupted, then having the appearance of very elongate 
pustules; at the base about six in the space of 5mm. No concentric striw have 
been observed, though it is possible that they exist on more perfectly preserved 
specimens. | 

A. typical specimen measures as follows: Width at the base 30 mm. ; thickness 
20 mm.; height 30 mm.-; width of sides equal; width of ridges on posterior side 
3mm.; of depressions slightly more; of carina 3 mm. 

This form resembles the two specimens which are figured in the Pal. of New 
York, Vol. V, Pt. II, Pl. I, Figs. 20-23, which differ materially from the other figured 
specimens placed under that species. The cther specimens, though perfectly pre- 
served and showing concentric strie, have no indication of radiating striz, while in 
the specimens described they are one of the most characteristic features; they are 
also shown in the figures mentioned above. The plications are also stronger and the 
form more regularly conical. 

This species resembles P. striatum from this formation, but may be easily distin- 
guished by its straight form, the equal length of the sides, the coarser striations, and 
the strong plications of the posterior sides; from P. breve it is distinguished by its - 
more elongate form, oval aperture, more continuous radiating stria, and the conspic- 
uous plications of the posterior side. | 

formation and locality. Chemung group, four miles north-west of Warren, 
Warren county, Pennsylvania. 


' PLATYCERAS VARIANS Simpson, n. sp., Fig. 28. 


Shell small, subconical, curved, slightly oblique; apex not incurved or bent; 
width at the base two-thirds the length of the anterior side, and about equal to the 
posterior. 

Plications frequent, variable in number. On the dorsum there is sometimes a 
faint indication of a carina; on the left side is a deep conspicuous furrow, which ex- | 
vg. tends about three-fourths the length of the shell from the base; beyond 
+.) this there is a slighter furrow; the area between them elevated, 
rounded and yery prominent. On the posterior side of the shell are 


\ usually two or three slight furrows, but occasionally a stronger one, and 
~"resx, on the left-side there is one nearly as strong as on the opposite side. 
Sometimes on the posterior side the area between vv of the smaller furrows is ele- 
yated, having the appearance of a ridge or carina, which is occasionally PT 
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The deep furrows on the right and left sides of the shell appear to be constant fea- 
tures, the others are somewhat variable. 

Aperture broadly oval, nearly circular; peristome concealed on all the speci- 
mens observed, so that its true form can not be ascertained. 

All the specimens occurring in the form of casts, the surface markings are 
obsolete. 

This species may be distinguished from Platyceras mitelliformis by its straighter 
form, absence of a prominent carina, and by its conspicuous plications ; from P. ( 0.) 
striatum by its smaller size, more frequent plications, and the absence of radiating 
strie, the convexity of the anterior side and the concavity of the posterior ; from 
Platyceras inequale by.its equally developed right and left sides and its conspicuous 
plications; from P. (O.) breve by its curved, more slender form, and plications ; 
from Platyceras dorsale by its smaller size and conspicuous plications; from P. (0O.) 
attenuatum by the straight apex and the strong lateral furrows; from Platyceras 
carinatum by the absence of a prominent carina and by the conspicuous lateral furrows; 
from P. (O.) conicum by its smaller size and curved form. 

Formation and locality. Chemung group, four miles north-west of Warren, War- 
ren county, Pennsylvania. 


ACERVULARIA COMMUNIS Simpson, n. sp., Fig. 29. 


Growing in large convex or globular masses ; under side covered by a wrinkled 
epithecal crust. Stems multiplying by gemmation from the calyces; usually in con- 
tact, but sometimes free and circular. Vis deed eh Sg VLD 


Calyces in contact, polygonal, generally pentagonal or hexago- 
nal; surrounded by acute, linear, crested edges; diameter a little 
variable, but usually about 5 mm. Sides of calyces abruptly curved ee oan, 
downward to the central cavity. Meee f Geet coe 

Rays thin, sharp; about thirty in number; alternately long and short, but of 
uniform size at the margins of the calyces. Diaphragms thin. 

Formation and locality. Lower Helderberg group, from A. B. Miller’s farm, 
Warrior ridge, Barree township, Huntingdon county, Pennsylvania. 


CLADOPORA RECTILINEATA Simpson, n. sp. Fig. 30. 


Zoarium ramose, bifurcating 


g, rarely anastomosing; diameter of branches from 
1.50 to 3 mm. oe 
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Cells tubular, nearly at right angles to the axis; rapidly increasing in size to the 
aperture; apertures arranged in regular longitudinal rows, which are sometimes sepa- 
rated by a slight ridge; from five to nine rows on a branch; 
from eight to ten apertures in the space of 5 mm. longitu-— 


- dinally; diameter of an aperture from .33 to .40 mm, _ Lips 


wun ps Ty 188, prominent, in well-preserved specimens, projecting over the 
aperture, and giving to the cell-tubes the appearance of opening very obliquely. | 

This species somewhat resembles CO. muléipora, but the branches are smaller and 
straighter, and the cell apertures are much more regularly arranged in parallel, longi- 
tudinal rows ; in its size and manner of growth it is very similar to C. macrophora, 
but the surface of that species has not been observed, so no comparisons are possible. 

Formation and localities. Lower Helderberg group, one and a-half miles ‘south 
of Rock Hill furnace, Orbisonia, Huntingdon county ; also north of mee City, 


Blair county, Pennsylvania. 
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THE MAMMALIA OF THE UINTA FORMATION. 


PART I. THE GEOLOGICAL AND FAUNAL RELATIONS OF THE UINTA FORMATION. 
PART Il THE CREODONTA, RODENTIA AND ARTIODACTYLA. 


BY WILLIAM B. SCOTT, 
PROFESSOR OF GEOLOGY IN PRINCETON COLL 


PART III. THE PERISSODACTYLA. 
PART IV. THE EVOLUTION OF THE UNGULATE FOOT, 


BY HENRY FAIRFIELD OSBORN, 
PROFESSOR OF COMPARATIVE ANATOMY IN PRINCETON COLLEGE. 


ILLUSTRATED BY FIvE LITHOGRAPHIC PLATES AND THIRTEEN DIAGRAMS, 


Read before the American Philosophical Society, May 17, 1889. 


This memoir is principally descriptive of a collection made by the Princeton Sci- 
entific Expedition of 1886 in the Bad Lands of the White River, Northeastern Utah. 
The party was composed of Messrs. Reynolds, Harlan, Hervey, Baucus, Paton, 
Kane, all Princeton students, under the able leadership of Mr. Francis Speir, Jr., 
whose name is connected with so many important paleontologital discoveries. The 
expedition experienced great difficulties in the field and some risk from the hostile 
threats of the White River Utes. 

The collection has been skillfully prepared and mounted by Dr. Franklin C. 
Hill. The drawings are by Mr. Rudolph Weber. 
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Part I. 


BY WILLIAM B. SCOTT 


GEOLOGICAL AND FAUNAL RELATIONS OF THE UINTA FORMATION. 


While the paleontological relations of the various series of Hocene deposits in 
the upper Green River valley are, for the most part, quite clear, the stratigraphical 
relations are as yet but imperfectly known, and leave many questions still open. Dr. 
White (No. 18, p. 35) believes that the entire series is conformably deposited: “In 
the great region now drained by the Green river, there are three well-marked groups 
of strata, that come in their order above the Laramie group, and which all agree in 
referring to the Tertiary period. These are the Wasatch, Green River and Bridger 
groups, named in ascending order. The Wasatch group is the lowest of a series 
of three fresh-water Tertiary groups, all of which are intimately connected, not 
only by an evident continuity of sedimentation throughout, but also by the pass- 
age of a portion of the molluscan species from one group up into the next above. 
Not only were the three groups, aggregating more than a mile in thickness, evidently 
produced by a continuous sedimentation, but it seems equally evident that it was 
likewise uninterrupted between.the Laramie and Wasatch epochs, although there 
was then a change from brackish to fresh waters and a consequent change of all the 
species of invertebrates inhabiting these waters.” 

King, on the other hand (No. 6, p. 353 et seq.), adduces evidence to show, not 
only that the Wasatch and Laramie are very clearly separated by unconformities, but 
that the three Eocene series are likewise divided by lack of conformity with each 
other. 

Paleontologically the arrangement of the series is less obscure, though if we 
accept White’s view of a continuous sedimentation from the Laramie to the Bridger 
we shall meet with very formidable difficulties. Thus no place is left for the very 
peculiar and primitive fauna of the Puerco group, which is not at all represented in 
the northern basin; the same reasoning will apply to the transition fauna of the 
Wind River group, a formation estimated as being 1000 feet or more in thickness 
(St. John, No. 12, p. 260), but so far as is yet known confined to the Wind River 
valley. To assume that the Puerco is contemporaneous with the Wasatch, the V 1 
River with the Bridger, and the beds of the Br idger basin with those of the Wa shakie 
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basin, would involve very complicated hypotheses of barriers and migrations for 
which there is no present evidence. The fauna of the Wind River deposits has been 
shown by Cope (No. 1) to be intermediate between the Wasatch and the Bridger, 
mingling types which elsewhere are found only in one or other of these formations 
with some forms peculiar to itself. Thus such typically Wasatch genera as Coryph- 
odon, Phenacodus, Didymictis, Calamodon and Esthonyx are associated with equally 
typical Bridger genera, Paleosyops, Lambdotherium, Miacis and Microsyops, while the 
earliest and smallest known member of the Dinocerata, Bathyops?s, is confined to 
these deposits. Thus the Wind River formation occupies the same intermediate 
position between the Wasatch and Bridger palzeontologically as does the Green River 
stratigraphically. One is therefore led to infer with Cope (No. 2, p. 453) that the 
Green River and Wind River are parts of the same formation, though the entire 
absence of mammalian fossils from the former renders this determination somewhat 
uncertain. It may perhaps be objected to this view that in Southwestern Wyoming 
the Bridger beds lie conformably upon the Wasatch. This conformity is, however, 
not improbably deceptive, for the following reasons: (1) King states (No. 6, p. 380) 
that he has observed unconformities between the Wasatch and Green River beds. 
“In the region east of the Wasatch a large amount of the Vermilion Creek | Wa- 
satch| series was left in a nearly horizontal position and the sediments there sank 
quietly through deep water upon an approximately level bottom, accumulating in 
strata nearly conformable with the underlying Vermilion Creek rocks. From the 
manner in which the rocks of the Green River group abut westward against the Ver- 
milion beds, it is evident that there was in the region included between the Wasatch 
and Uinta a highland lifted above the Jake of the Green River period.” (2) The 
direct contact between the Wasatch and Bridger strata at the west of the Bridger 
basin takes place by the latter bed’s overlapping the Green River and thus reaching 
the Wasatch. If we assume that the Green River shales represent a distinct series, 
this overlap can be explained only by supposing either that these beds had been 
swept away from the western part of the basin before the deposition of the Bridger 
series, or, what is much more probable, that a series of disturbances first contracted 
and then expanded the waters of the lake. (3) It is impossible to account for the 
faunal differences between the Wind River and the Wasatch on the one hand and the 
Bridger on the other on geographical grounds alone, as this area is encompassed 
both on the north and the south by typical Wasatch beds. 

The balance of evidence would thus seem to point to the conclusion that the 
Wind River beds are to be regarded as forming the base of the Bridger series, and 
this view has the further advantage, that the Bridger, thus defined, is characterized 
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throughout by the presence of some form or other of the Dinocerata, and that this 
extraordinary group of animals is entirely confined to this formation. 

A still more intricate and difficult problem is that with reference to the relations 
of the various areas of Bridger deposits (apart from the Wind River series) to each 
other. Of these areas there are three: (1) The Bridger basin west of the Green river ; 
(2) the Washakie basin east of the same river, and (3) a small area to the south- 
east of the latter. Supposing the Bridger beds of the Washakie and Bridger basins 
to have been deposited conformably in the same lake which laid dewn the Green 
River series and to have been uplifted together with the Green River in a post-Bridger 
upheaval, it is not a little remarkable that erosion should have removed the Bridger 
from all parts save the middle of these two basins. The few observations which bear 
upon this point in the way of the dips of the two formations combine to indicate that 
the movement took place at the end of the Green River period, that the western lake 
[2.e., the supposed extension of the Green River lake west of the Wasatch moun- 
tains] was extinguished by this upheaval, and that the waters of the period formed a 
lake of restricted area altogether within the basin of Green river. Even with this 
supposition, which I conclude to be the most probable until it may be varied by 
future evidence, there is left the shadow of a doubt, whether the three Bridger bodies 
which appear upon our map—that of the Bridger basin, the Washakie basin, and the 
region east of Vermilion creek—were parts of a continuous sheet, or whether they 
themselves were areas of special lakes in the same general basin, but characterized 
by great fauna resemblances.” (King, No. 6, p. 396.) 

The facts of stratigraphy, so far as at present known, leave this question an 
open one, but the assemblage of fossils seems to point to the conclusion that there 
were at least two distinct lakes, and these not contemporaneous, but successive, a 
conclusion which we have already indicated elsewhere (Osborn, No. 10, p. 13; Scott, 
No. 15). The faunal lists of the two basins seem to show that the Bridger contains 
slightly older deposits than the Washakie, though the two may be in part contem- 
poraneous. Some of the differences to be noted are, no doubt, due in part to the 
fact that the Bridger basin has been much more frequently and thoroughly explored 
than the Washakie, and others probably to conditions of preservation, for within 
the limits of the Bridger basin there are localities and strata which are especially 
rich in certain sorts of mammals which elsewhere are much rarer. As an example 
of this may be mentioned the abundance of the lemuroids and other small mammals 
at Twin Buttes. Future explorations may perhaps therefore diminish the number of 
faunal differences between the two areas. (i 


A. striking fact is the greater richness and yariety of the forms found in the 
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western basin, especially of the smaller mammals, the creodonts, lemuroids and insec- 
tivores, which are comparatively rare in the Washakie and very abundant in the 
Bridger. No tillodonts have yet been reported from the former. The perissodac- 
tyls are quite different. Paleosyops is somewhat less abundant in individuals in the 
eastern basin, but P. major and paludosus are both present, and there are in the 
Princeton Museum two undescribed species of this genus from the Washakie which 
differ markedly from any yet found in the Bridger, and one of them, by its great. size, 
seems to approximate closely Diplacodon. Hyrachyus is represented by the same or 
similar species and in about equal numbers in both areas. On the other hand the 
Uinta rhinoceros Amynodon (= Orthocynodon nobis) is found only in the eastern 
region, and the same is almost certainly true of Zriplopus, while Colonoceras occurs 
only in the Bridger basin. Among the artiodactyls the chief difference is to be 
found in the presence and frequency in the eastern basin of the large species of 
Achenodon, A. insolens and A. robustus. Helohyus and Homacodon have not yet 
been reported from this region, but as representatives of these series occur in the 
Uinta, we may confidently expect that they will be found in the Washakie. 

Another striking difference between the two basins is to be found in the facies 
of the Dinocerata so common everywhere. The great variability of these animals 
precludes the making of any very sharp distinctions between those of the two areas, 
but in a general way and with some exceptions they are in rather strong contrast 
with each other. The prevailing type of skull in the Bridger basin is comparatively 
short and broad, the nasal tuberosities are of moderate size, the parietal protuberances 
are placed well forward, and the parieto-occipital crest is of moderate height. The 
Washakie forms have generally a long narrow skull, with very large nasal tuberosi- 
ties, the parietal protuberances are placed far back, the parieto-occipital crest is very 
high; the cervical vertebrze in these species are also as a rule shorter than in those 
of the Bridger area, and the animals tend to become of a larger size. 

Making all due allowance for sources of error, it is difficult to believe that these 
differences are to be explained by geographical considerations, while on the other 
hand the stratigraphical relations of the Washakie beds to the underlying Green 
River series present objections to the assumption that the latter could have been a 
land surface for any great length of time. But these relations are by no means clear 
_and very much need to be re-examined. . 

We have no information relative to the small area east of Vermilion creek, but 
-inall probability it is simply an outlier of the Washakie. 

From present knowledge, we are therefore justified in making a threefold sub- 
division of the Bridger epoch, with the Wind River beds at the base and the 
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Washakie at the top, and in regarding the Dinocerata as the group characteristic of 
the entire epoch. It is interesting to note that where the fauna of the Washakie 
basin departs from that of the Bridger basin, it does so in the way of resemblance to 
the Uinta. 

The geology of the Uinta formation is even more imperfectly known than that 
of the earlier formations. Dr. White says of it (No. 18, p. 37): “ Resting directly, 
but by unconformity of sequence, upon all the Tertiary or Cretaceous groups in the 
region surrounding the eastern end of the Uinta Mountain range, is another Tertiary 
group that has received the name of ‘ Uinta Group’ from Mr. King, and ‘ Brown’s 
Park Group’ from Prof. Powell. It is possible that this group was deposited 
continuously, at least in part, with the Bridger group, but at the places where 
the junction between the two groups has been seen in this region, there is an evident: 
unconformity, both by displacement and erosion.” Dr. White has also informed us 
(orally) that the mollusca of these beds are strikingly different from those of the 
earlier Hocene. The Uinta deposits are composed of sandstones and clays much 
like those of the Bridger in appearance. They are of no great thickness and are best 
developed in the valley of the White River, a tributary of the Green, in eastern 
Utah and Western Colorado. The mammalian fauna of the Uinta formation, while — 
very distinctly of more modern character than that of the Bridger, is nevertheless 
quite closely allied with it, more especially with that of the Washakie subdivision, 
and it should be further remembered that this fauna has as yet been only very par- 
tially explored, and we may therefore expect that future discoveries will fill up many 
of the gaps still existing. 

The more extended study of this fauna confirms the generally accepted view 
that the Uinta group should be placed at the summit of the Hocene, forming the 
transition to the White River Miocene, with which it has many affinities. The most 
striking and obvious difference from the Bridger fauna consists in the absence of 
the great Dinocerata so characteristic of this series, of which no trace has yet been 
found, nor is it likely that they will be discovered in the future. If present at all, this 
group must have formed but a rare and unimportant factor in the assemblage of 
Uinta mammals. Another Bridger type of which no member has been discovered in 
the Uinta (with a possible exception hereafter to be mentioned) is that of the Tillo- 
dontia, which seem to have finally disappeared, unless, as some have supposed, we. 
are to look for their successors in the Edentata. The smaller mammals are very: 
much more scantily represented than in the Bridger, though some of this differenc s 
perhaps due to caren of pr ceervati any as sees the Uinta apeetl are scantier and 
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lar, though less striking, difference exists between the Bridger and Washakie basins 
with regard to the number and variety of the smaller forms. The great assemblage 
of lemuroids and pseudo-lemuroids which the Wasatch and Bridger show so abun- 
dantly is thus far represented in the Uinta only by the single species Hyopsodus 
gracilis Marsh; the Insectivora, Chiroptera, and Marsupialia have not been found at 
all, though there is hardly room for doubt that they existed, inasmuch as they occur 
both in the Bridger and the White River. Rodentia are also rare and only one form 
can be certainly named, a species of Plestarctomys, which genus is abundant in the 
Wasatch, Wind River, and Bridger beds. <A second species of rodent is apparently 
implied by a lower incisor with a fragment of the mandible; it is, however, much 
larger than any known rodent of the Bridger or White River, and may possibly be- 
long. to some tillodont; but this is not at all probable, as the tooth is much more 
like that of a rodent, besides being smaller than that of any Bridger tillodont. We 
have still therefore to search for the forerunners of the beavers, mice, and hares of 
the White River. 

So far but a single creodont is certainly known to occur in the Uinta fauna, a 
very large species of Mesonyx. This family ranges therefore throughout the Eocene 
of North America, being represented by Dissacus in the Puerco, Pachycena in the 
Wasatch and Mesonyx in the Bridger and Uinta. The absence of the upper molars 
from the specimen before us precludes the possibility of a final reference of it to 
Mesonyx ; but there can be no doubt that it is a member of the family. A second 
creodont is perhaps indicated by a small lower sectorial molar and a premolar ; if so, 
the animal must have belonged to the Miacidw, or it may be a true carnivore. The 
creodont nature of the specimen is the more probable on account of the greater like- 
ness of the Uinta fauna to the Bridger. Jn any case this animal very probably rep- 
resents the forerunner of the dog-like forms of the White River, the so-called Amphi- 
cyon and. Galecynus, and possibly of Dinictis as well. Nothing is as yet known of 
any Uinta forms which would serve to connect the hyzenodonts of the White River 
with the Ozyena and Protopsalis of the Bridger. 

The Perissodactyla of the Uinta are of great interest, as they are plainly inter- 
mediate between those of the Bridger and those of the White River. The curious 
family of Titanotheride has its Uinta member in Diplacodon, which thus connects the 
Bridger genera Paleosyops and Leurocephalus with the Titanotherium (Menodus) of 
the White River. Hyrachyus, so frequent in the Bridger, has apparently disappeared, 
its place being taken by Zriplopus, which already occurs in the Washakie beds, 
though sparsely. In the Uinta it is one of the most abundant of all the fossils, and 
is highly characteristic of the formation. Another genus, rare in the Washakie, 
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abundant in the Uinta, is the rhinoceros-like Amynodon, a hornless form which is fol- 
lowed in the White River by Metamynodon and Aceratherium. The Uinta tapir is 
Iscotolophus, which is as yet represented by a single abundant species of small size. 
This genus appears to be represented also in the Bridger, at least there is a well-pre- 
served specimen in the Princeton Museum which we cannot distinguish from it, and 
seems to have its representative in the White River beds, which Dr. Leidy has 
doubtfully referred to Lophiodon, though only for the reason that the specimen, an 
isolated last lower molar, could not well be distinguished from the corresponding 
tooth of that genus. As Leidy has suggested, this specimen most probably belongs 
to a very different genus (No. 7, p. 239). The equine series is represented in the 
Uinta fauna by two species of Orotherium (Epihippus) which stands just interme- 
diate between Pliolophus ( Orohippus) of the Bridger and Mesohippus of the White 
River, though it also is found in the Bridger. 

Perhaps the most striking change in the facies of the Uinta fauna as compared 
with that of the Bridger lies in the importance suddenly assumed by the selenodont 
artiodactyls. The Bridger is not known to contain any forms which can be strictly 
called selenodonts, though Homacodon and Helohyus are obviously commencing to 
develop this type of dentition. The Uinta contains at least two clearly marked gen- 
era of selenodonts, if not more, which are very rich in individuals and thus give a 
very different aspect to the fauna asa whole. Of these the most abundant is Pro- 
toreodon, the unmistakable ancestor of the Oreodontide, the peculiar family which is 
so eminently characteristic of the American Miocene. By the five-lobed construction 
of the upper true molars, Protoreodon indicates the line of connection with the buno- 
selenodonts of the earlier Hocene, especially, if we may judge from the molar teeth 
alone, with Helohyus. The other clearly defined Uinta selenodont is Leptotragulus, 
the most ancient unequivocal member of the Tylopoda and closely related to the 
White River genus Poebrolherium, though in many respects more primitive. The 
absence of the upper molars from our specimens prevents comparison of this type 
with Homacodon, from which it was perhaps derived. The Uinta has thus yielded 
forerunners Of the two most important and characteristic groups of White River sel- 
enodonts ; it remains for future investigation to bring to light the ancestors of Lepto- 
meryx and Hyopotamus, though the latter is not improbably an immigrant from the 
Old World. No Bunodonta have as yet been found, and the origin of the White 
River genera, Perchoerus, Entelodon, etc., is still obscure. Our knowledge of the 
Bridger bunodonts is still very imperfect. fe) 

It will be evident from the above statements that the affinities of the Uinta 
fauna are most closely with the Bridger, as at least five genera are common to the 
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two horizons, Plesiarctomys, Mesonyx, Triplopus, Amynodon and Orotherium, while 
_ on the other hand no genus passes through from the Uinta into the White River, 
unless one agrees with Cope (No. 2, p. 455) in regarding Metamynodon as identical 
with Amynodon. While this is true, the Uinta fauna is no less clearly the forerunner 
of the White River fauna; what there are strong reasons for believing to be the an- 
cestors of the hyracodonts, the titanotheria, the rhinoceroses, horses, tapirs, camels 
and creodonts, the dog-like carnivores, and the sciuromorph rodents of the White 
River, all are to be found. We cannot therefore agree with Schlosser (No. 13, p. 60) 
in regarding this formation as Oligocene, which in fact seems to be an unnecessary 
term in the classification of our Tertiary lacustrine deposits, the division between the 
uppermost Eocene, represented by the Uinta, and the lowermost Miocene, represented 
by the White River, being quite sufficiently clear. 

The following partial list of genera will indicate the relations between these 
three formations. The Wasatch genera, which penetrate only into the Wind River 
beds, are omitted from the list: 


BRIDGER. UINTA. Wuitet RIvER. 
Dinocerata 
Tillodontia 
Stypolophus 
Mesonyx Mesonyx 
Miacis ? Miacis 
Oxyena 2 Hyznodon 


Protopsalis 
Daphenus (Amphicyon) 


Cynodictis 
Dinictis 
Hoplophoneus 
Antiacodon 
Anisacodon 
Passalacodon 
Leptictis 
Ictops 2 Ictops 
Plesiarctomys Plesiarctomys Sciurus 
Gymnoptychus 
Heliscomys 
Ischyromys 
Colonymys Eumys 
Mysops Palzocastor 
Palolagus 
Omomys 
Hyopsodus Hyopsodus Laopithecus 
Tomitherium 2 Menotherium 
Limnotherium 
Microsyops 
Xiphacodon Didelphys 
Helohyus Protoreodon Oreodon 
: 2 Agriochcerus 
Homacodon Leptotragulus Poebrotherium 
Acheenodon ? Entelodon 
; Perchcerus 
Leptochcerus 
Hyopotamus 
Leptomeryx 
Hypisodus 
Lambdotherium 
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BRIDGER 


Paleeosyops 
Telmatotherium 


Pliolophus 
Colonoceras 
Amynodon 


Nyctilestes 
Vesperugo 
Nyctitherium 


THE MAMMALIA OF THE UINTA FORMATION. 


UINTA. 
Diplacodon 


Triplopus . 
Orotherium 


Amynodon 


Isectolophus 
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Part II. 
BY WILLIAM B. SCOTT. 


THE CREODONTA, RODENTIA, AND ARTIODACTYLA. 


PRIMATES. 
HYOPSODUS GRACILIS Marsh. 


This species is the only one of the pseudo-lemuroids which has as yet been 
reported from the Uinta deposits. This group is exceedingly abundant in the Bridger, 
especially in the Bridger basin; it has become more rare in the Washakie, and 
although the Uinta has yielded but one species as yet, others will no doubt be found. 
The change from the Bridger will, however, almost certainly remain a very striking 
one in the reduction of these animals. They are not certainly known to occur in the 
White River, though some specimens have been referred to the group (Laopithecus, 
Menotherium). 


CREODONTA. 
MESONYX Cope. 


M. vinTEnsis Scott (No. 16, pp. 168,169); Pl. X, Fig.9. The specimen upon 
which this species is founded consists of five isolated lower molar and premolar teeth, 
an incisor, a canine, one upper premolar and fragments of the mandible, including the 
condyle. The reference to Mesonyx is somewhat uncertain on account of the absence 
of the upper molars; there can be no doubt, however, that the species belongs to the 
family Mesonychidw, and it is of interest as being the largest and latest known mem- 
ber of that long-lived and most curious group of creodonts. This species may be 
distinguished from those of the earlier Eocene formations by very much greater size 
and by the fact that the anterior basal cusps of the lower molars are much reduced. 

The incisor is peculiar and consists of a broad and rounded simple crown; it is 
of large size and contrasts strongly with the incisors of the Bridger species MZ. obtu- 
sidens ; the canine and upper premolar differ from the corresponding teeth of the 
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Bridger species only in size. Since the first account of this species was written, we 
have found that the order of the teeth was there incorrectly given; what was there 
described as the second premolar being probably the third molar. The most anterior 
premolar of the lower series preserved in the specimen is probably the second (see 
Pl. X, Fig. 9). This is a relatively small tooth, implanted by two fangs and with 
a low, rather elongated crown, which consists of a median cone and faintly separated 
anterior basal tubercles ; this tooth is therefore somewhat differently constituted from 
the second lower premolar of JM: obtuszdens, in which the anterior tubercle is not in- 
dicated at all, and the posterior one scarcely so. The fourth premolar has nearly the 
shape and size of the true molars, consisting of a high and massive, backwardly 
directed principal cusp, which is separated by a deep and narrow cleft from the large 
trenchant heel. The latter is as long from before backwards as the main cusp and is 
strongly convex on the outer side and concave on the inner. This tooth differs from 
the fourth premolar of IM. obtusidens only in the absence of the anterior basal cusp. 
The first true molar has the same construction as the tooth just described, but is 
larger, and the main cusp is remarkably massive; there is an indication of the anterior 
basal cusp, but it is much less distinctly marked than in the Bridger species. This 
tooth is the largest of the series and considerably exceeds in size the lower sectorial 
of a full-grown lion. The second molar differs from the first only in being a little 
smaller and in the still greater reduction of the anterior basal cusps. The develop-— 
ment of these cusps varies greatly in the different genera of the family; in Dissacus 
of the Puerco they are fairly well developed; in the Wasatch genus Pachycena they are 
greatly increased in size, becoming as large as the heel, which gives the inferior 
molars a trifid appearance when seen from the side.. In the Bridger species of Meso- 
nyx these cusps become much smaller, being greatly exceeded in size by the talon, 
while in M. uintensis they have almost disappeared, entirely so in fact, from the 
fourth premolar. The third molar is very small, and is even more reduced in size 
than in M. obtusidens, which reduction chiefly affects the talon ; in the Bridger spe- 
cies the talon is of good size, but in the specimen before us the heel is a mere rudi- 
ment. ‘The main cusp is also more compressed and pointed. The third molar is very 
differently developed in the various genera of the family ; in Dissacus and Pachyena 
m. 8 is nearly or quite as large as m. 2; in Mesonyx obtusidens it is distinctly smaller, 
the proportions being 7:9, and in MZ. wintens?s it is still smaller, as 3:5, This reduc- | 
tion in Mesonyz is, of course, correlated with the loss of the last upper molar, and the 
proportions in the Uinta species would seem to indicate that the second upper molar 
was undergoing a similar reduction. Ca 
It has been generally assumed that the molar teeth of the Mesonychide a 
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an exceedingly primitive pattern. As far as the upper molars are concerned this is 
no doubt true, these teeth never varying from a simple tritubercular pattern. Dis- 
sacus, however, shows that the lower molars were originally of the tuberculo-sectorial 
pattern, as the postero-internal cusp is distinctly present, from which it follows that 
the simplicity of the Mesonyx molars has been attained by the suppression of parts, 
somewhat in the same fashion as has been done in the lower sectorial of Hycnodon 
and the Felide. These lower molars of Mesonyx can, however, hardly be called sec- 
torial, as the shearing action is limited by the small height of the outer tubercles of 
the upper molars. The cusps of the lower series are, therefore, worn upon the sum- 
mits and very rapidly become blunted and worn down. 

- A second specimen, consisting of parts of two metatarsals and a phalanx, should 
probably be referred to this species, as their shape and character are very similar. to 
those of M. obtusidens. The latter species is remarkable for the small size and weak 
development of the feet, but if these bones from the Uinta are correctly referred, M. 
uintensis must have had very different proportions, for they are considerably shorter 
and much more massive than in the lion. It is obvious that the Uinta Mesonyx must 
have been a very formidable animal, much more so than the more highly organized 
carnivores and creodonts (except Hemipsalodon) which succeeded it in the White 
River epoch. 
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MIACIS Cope. 


This genus of creodonts is the one which most closely approximates the true 
Carnivora and is characterized by the sectorial pm. 4 and m1. This is also true of 
Didymictis, but here the last upper molar is wanting and the lower sectorial is of 
very different character. | 
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? Mracis vutrrnus S. & O. (Syn. ? Amphicyon vulpinum 8. & O., No. 17, p. 
255). Since our preliminary account was written we have had the opportunity of 
examining various specimens of Amphicyon, which show that our tentative reference 
of the Uinta species to that genus must have been incorrect. It is equally clear that 
the species cannot belong to Cynodictis, or to any of the flesh-eaters known to occur 
in the White River beds, whereas it may very well be a species of Miacis, and in 
view of the similarity of the Uinta fauna to that of the Bridger, this will probably 
turn out to be the case. The specimen consists of an isolated inferior premolar and 
first molar. 

The premolar, probably the third, consists of a high, acute and compressed cone, 
with rudimentary posterior heel; a cingulum runs entirely around the crown and is 
most conspicuous on the anterior surface. The principal cusp is not complicated by 
the development of accessory tubercles upon it. ‘The sectorial is canine in appear- 
ance; the anterior portion consists of three cusps arranged in the ordinary triangle, 
of which the external is the larger and flattened on the outer side ; the anterior cusp 
is still very low and the sectorial blade is therefore much less completely developed 
than in Cynodictis and hardly more so than in the Bridger species of Miacis. ‘The 
heel of the sectorial is low and small and not very distinctly basin-shaped. 


RODENTIA. 
PLESIARCTOMYS Bravard. 


Of all the rodents of the American Hocene, this genus is by far the most abund- 
ant and characteristic, being found in all of the formations above the Puerco, which 
indeed has hitherto yielded no rodents at all. 

This genus has been defined by Cope (No. 3, p. 175-6) as follows: “The crowns 
of the inferior molars support four rather small and strictly marginal tubercles, which 
inclose a median valley. The anterior inner tubercle is more elevated than the others, 
and the posterior two tubercles are connected by a low ridge on the posterior border, 
which may be more or less tubercular on the last molar. In some of the species the 
marginal tubercles are merely elevations of the margin, while, in others, the adjacent 
tubercles of a pair approximate, so as to form a pair of interrupted ecross-erests. 

“There are five superior molars, of which the anterior is of small size. TT y 
resemble those of Sc/wrus, but the transverse crests are obsolete or wanting. ‘The 
positions corresponding to their external extremities are marked by more or less ¢ 
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tinct cusps. There is a single internal tubercle of the crown. In the third and 
fourth molars of P. delicatissimus, I observe rudiments of a second internal tubercle. 

“The incisor teeth are compressed, with narrow anterior face. The enamel is 

not grooved and is little or not at all inflected on the inner side of the shaft, while 
it is extensively so on the external face. There is a large round foramen infraorbitale 
like that of Ischyromys and Fiber, and entirely unlike that of Gymnoptychus and Sci- 
‘urus, conforming in this respect to the forms of the extinct group of the Protomyide 
of Pomel.” 
_ _Puxsrarctomys scrurorpss S. & O. (PI. XI, Figs. 1-2). The specimen upon 
which this species is founded consists of a skull, lower jaw and several limb-bones. 
It differs from the Wasatch and Bridger species principally in the character of the 
superior molar teeth, in which the transverse crests, wanting in the earlier members 
of the genus, are clearly though not very prominently developed. There are also 
several differences of minor importance in the structure of the skull. These charac- 
ters may possibly be regarded as of generic value, but the changes are so slight and 
the agreement with the typical species of Plesvarctomys so close, that we do not feel 
justified in forming a new genus. In size the Uinta species is very small, much in- 
ferior to P. delicatissimus. 

The skull is very much like that of the last-named species, but with some not 
unimportant differences. The muzzle is rather shorter, though both longer and 
broader than in Sciwrus; the nasal bones are considerably broader behind than in 
front, thus reversing the proportions found in Arctomys ; their anterior ends are some- 
what thickened and slightly divergent, and posteriorly they terminate on the same 
transverse line as the premaxillaries; the latter are quite large and exhibit a consid- 
erable surface upon the dorsal side of the skull. The frontals have a broad and nearly 
straight anterior edge, but narrow very rapidly, showing a very strong postorbital 
constriction of the cranium and no trace of postorbital processes, as is the very gen- 
eral rule among the more ancient rodents; they also seem to have a smaller antero- 
posterior extent than in Sciurus, though this cannot be definitely decided. This por- 
tion of the skull has quite a different aspect from that seen in the two other species, 
of which the structure of the cranium is known, P. delicatissimus and P. hians. It 
differs from the former in that the postorbital constriction is less decided and less 
elongated from before backwards, while the frontals are much more widely expanded 
in adyance of the constriction and over the orbits; the superciliary ridges seem also 
to be somewhat more prominent. So far as one can judge from Cope’s figure (No. 3, 
Pl. XXIV, Fig. 5) the postorbital constriction is deeper and the cranium more 
tapering in front in P. secwroides and P. hians, 
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As in the other species the infraorbital foramen is in the species before 
us large and situated more immediately beneath the orbit than in Sciwrus. The 
shape of the lachrymal cannot very well be made out. The parietals are apparently 
very long; they are broader than in Arctomys, narrower than in Scivurus, and the sagit- 
tal crest is barely indicated. The squamosal has, of course, a corresponding de- 
velopment; the zygomatic arches are very slender and compressed; they do not 
arch out very strongly from the sides of the cranium and are somewhat shorter than 
in P. delicatissimus. The anterior part of the arch is shaped much as in Scowrus, but 
the jugal has a somewhat greater vertical depth. 

The occiput is very broad and low; in the median line it forms a slight convexity 
over the vermis of the cerebellum, and on each side of this there is a rather deep 
depression. ‘The paroccipital processes are very short, and the foramen magnum 
very large. The base of the skull is much injured, but enough is preserved to show 
that the basi-occipital is rather broad and flat, and that the tympanic bulle are mode- 
rately inflated. The posterior nares are rather long and their anterior edge extends 
to the front of the last molar; in Sczwrus and Arctomys it is altogether behind the 
molar series. The mandible is relatively more robust than in P. delicatissimus ; the 
masseteric fossa is, however, not so deep, and extends forward to beneath the second 
molar; the coronoid process is shorter, more slender and pointed, and the notch be- 
tween it and the condyle is not so deep. 

The drain is in general like that of P. hzans, but the cerebellum is proportion- 
ately larger, the hemispheres shorter, broader behind and tapering much more bis 
forwards ; the olfactory lobes are also narrower. 

The Dentition. The molar formula of this species, like that of the other mem- 
bers of the genus is pm. 3, m. 3. In the upper series the penultimate pr emolar (pm. 
3) is implanted by a single fang and has a very small and sim- 
ple crown, thus differing strongly from the large pm. 3 of 
Arctomys. Pm.4 is nearly as large as the molars. The 
crown is of triangular shape and consists of three tubercles at — 
the angles of the crown, with a fourth one intercalated be- | 
tween the internal and postero-external cusps, thus forming 


Draa. 1.—Upper and lower mo- : 
lars of P. seiuroides. X ¢ an interrupted posterior crest; the antero-external cusp is the — 


largest and most prominent of the three. This tooth resembles much the correspond- 
ing one of Ar clomys but with the piestgat that the sRopten ior line of tubercles mee | 
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run two crests, meeting at the internal cusp and thus forming a V. In Sciuwrus the crown 
is somewhat expanded behind the posterior crest, thus making the inner side of the 
tooth nearly as broad as the outer; in P. sciureides this expansion is much less 
marked. M.3has but a single transverse crest with a broad basin-like expansion 
behind it. The upper molars of Plestarctomys are obviously of the same fundamental 
type as those of Sciurus and Arctomys ; their chief difference from the latter consists in 
the fact that the cingulum on the anterior side of the crown is not strongly developed 
and is scarcely visible from the side, whereas in Arctomys, this portion of the cingu- 
lum is very prominent and gives the side view of the tooth an appearance of being 
composed of three distinct transverse crests. 

The lower teeth are much worn, and it is therefore rather difficult to analyze 
their construction. The single premolar is composed of a pair of anterior cusps, of 
which the inner one is high and pointed, the outer one very small and but faintly 
distinguished from its neighbor, and a low heel. The molars have four cusps sur- 
rounding a median depression, of which the antero-internal one is much the most 
prominent. ‘The presence or absence of connecting crests could not be clearly made 
out. The resemblance of these teeth to the lower molars of Sczwrus is very close. 

The humerus is short and very slender with large head and low, inconspicuous 
tuberosities ; the bicipital groove is distinctly deeper than in P. delicatissimus, and 
the deltoid ridge is quite long and prominent. The distal end of the specimen is 
broken, but enough remains to show that the epicondylar foramen is present. and that 
the supinator ridge is somewhat less prominent than in the Bridger species so fre- 
quently referred. Whether the Uinta species had such a prominent internal epicon- 
dyle is not certain. , 

The fbia is quite long, slender, and strongly arched forwards; the distal end is 
quite deeply grooved for the astragalus and the internal malleolus is well developed. 
The fibula, although not preserved in the specimen, was evidently entirely distinct, as 
the outer face of the distal end of the tibia is uninjured and exhibits no trace of co- 
ossification with the fibula. i 
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The chief interest which attaches to Plesiarctomys lies in the light which it throws 
upon the difficult problem of the origin of the rodent dentition. As to this question 
Schlosser says: “Die Zahne dieser iltesten Formen erinnern einigermassen an das 
Omnivoren-Gebiss. Doch lisst sich die urspriingliche Beschaffenheit nicht mehr 
ermitteln. _Wahrscheinlich bestand* der einzelne Backzahn aus sechs Higein 
(‘Denticules’), deren je drei in einer Zahnhalfte vorhanden waren. Der Typus eines 
solehen Primitiv-Omnivoren-Zahnes ist noch am besten in den oberen Molaren yon 
Dichobune evhalten. Hier tritt nicht selten noch der sechste Hiigel auf, worauf schon 
Kowalevsky aufmerksam gemacht hat. Bereits zu Anfang der Hocaenzeit erscheint 
eine grosse Anzahl verschiedener Niger, die indess nur insoferne unter einander ver- 
wandt sind, als sie mit Ausnahme von ganz wenigen Arten—Myomorpha—als Mittel- 
formen zwischen den in der Jetztwelt ziemlich scharf getrennten Hystricomorphen 
und Sciumorphen angesehen werden miissen. Auch fehlen keineswegs Mittelformen 
zwischen diesen and den Myomorphen” (No. 14, pp. 98-99). After a further discus- 
sion of the subject Schlosser concludes that the rodents are to be derived from the 
marsupials. 

Plesiarctomys lends but little support to these views, and this genus is entitled 
to special consideration as being one of the oldest if not the very oldest known form 
of rodent. Here the superior molars are plainly of the tritubercular pattern, forming 
distinct crests only in the later species. The inferior molars show the anterior trian- 
gle of three cusps with a talon behind, or what Cope has termed the tuberculo-secto- 
rial molar. This is the type of dentition which is all but universal in the Puerco 
fauna, ungulates, creodonts and lemuroids all exhibit it, and Plestarctomys seems to 
show that the rodents are to be derived from the same generalized group of primitive 
placental mammals, the Bunotheria, to which we refer the origin of the types just 
mentioned. It is, to say the least, very suggestive that the most ancient known 
types of rodents should exhibit the tritubercular plan.of molar structure so unmis- 
tably, though it must be admitted that this of itself is not conclusive against their 
derivation from the marsupials. It removes, however, the necessity of such a deriva- 
tion, and the other reasons assigned by Schlosser for his view do not ape to be 
very cogent. . 2 a 

Plesiarctomys is, on the whole, to be regarded as a member of the Sciumorpha, | 
pes certain eee ee as the large infraorbital foramen and the absence of ee 
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ARTIODACTYLA. 
LEPTOTRAGULUS 6&. & O. 


Our preliminary account of this genus was founded upon the mandible and infe- 
rior dentition. Since then a considerable amotint of new material has been brought 
to light in the collection which materially modifies some of our conclusions. The 
genus may be thus defined: Selenodont artiodactyls with probably unreduced den- 
tition; lower premolars simple and trenchant; molars with short crowns; the cres- 
cents of the lower molars are more or less trihedral, and the internal ones not flat- 
tened into thin laminz. The ulna and radius closely applied, but not coalesced; the 
number of functional digits in the manus probably four, in the pes two. 

LEPTOTRAGULUS PROAVUS 5S. & O. (Pl. VI, Figs. 9-16). This species, the only 
one as yet certainly indicated from the Uinta deposits, is represented in the collection 
by several specimens, including the mandible, inferior molar series and last premolar, 
some fragments of vertebre and portions of the humerus, ulna and radius, metacar- 
pus, phalanges, scapula, tibia, tarsus and metatarsus. Imperfect as these remains 
are, they suffice to show the principal characters and systematic position of the 
genus with sufficient clearness. Unfortunately no part of the skull or of the upper 
teeth has as yet been identified. 

The Mandible. Only the horizontal ramus is preserved in any of the specimens ; 
this is elongated, compressed and slender, becoming especially thin beneath the ante- 
rior premolars, and thus offering a strong contrast to the short deep mandible of Pro- 
toreodon with its abrupt chin. The symphysis extends back nearly as far as the 
front of the second premolar; two minute venous foramina are placed, one above the 
other, beneath the third premolar. 

Dentition. The fragmentary state of the specimens prevents the determination of 
several important points with reference to the lower teeth of this genus. Thus, the 
number and character of the incisors and canines are altogether uncertain, though prob- 
ably they were present in full. In front of the third premolar is a short diastema, and 
in advance of this occurs a pair of obliquely placed alveoli, which may have contained 
the first premolar, or the canine and lateral incisor, which latter view seems the more 
probable on account of the procumbency indicated, though this would necessitate an 
exceedingly short symphysis. In this cage, the number of lower premolars would be 
but three. The premolars are very simple and trenchant, and in general appearance 
quite like those of Zragulus. Pm. 2 has a very compressed and sharply trenchant 
crown ; it has a sharper posterior edge than in Zragulus and is apparently not divided, 
as in that genus, by a cleft. Of pm. 3 only the fangs are left. Pm. 4 is slightly 
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more complicated than its predecessors; it consists of a high, acute, and compressed 
cone with a small and sharp antero-internal tubercle ; from the inner side of the apex 
of the principal cusp there runs downwards and backwards a thin ridge, which en- 
closes a very narrow valley between itself and the outer posterior edge of the crown. 
The corresponding tooth in Zragulus has quite a different appearance. 

The molars are very brachyodont and are rather short in the antero-posterior 
direction; the inner cusps are conical and thick, not flattened out into thin plates ; 
the outer crescents are somewhat trihedral in section and rather angular than curved. 
The valleys are widely open at the top, but rapidly narrow below, becoming 
mere slits after a moderate degree of attrition. The two valleys of the same tooth 
are not quite connected, being separated by the deep constriction between the two 
outer crescents and by the coalescence of the posterior turn of the anterior crescent 
with the inner wall of the tooth. They are, however, closely adjacent and even in an 
advanced stage of wear do not become widely separated. The cingulum is quite 
strongly marked upon the anterior and posterior faces of the crown, as well as be- 
tween the outer crescents, where it forms a distinct accessory column, which is largest 
on the first molar. The heel of the last molar is relatively large and encloses a broad 
valley ; a narrow cleft appears upon its inner wall. 

The teeth associated with the skeletal fragments about to be described are so 
much damaged that their reference to this genus is not quite certain, though very 
probable ; they are somewhat larger than those of the type specimen, and may, per- 
haps, represent a second species. 

Vertebre. An isolated atlas is probably to be referred to this genus. It just 
reverses the proportions of the atlas of Protoreodon in being long and narrow, and 
with but slightly extended transverse processes; between the anterior and posterior 
articular surfaces the body of the vertebra is deeply constricted. The anterior co- 
tylus for the occipital condyle is very deep and transversely extended, narrow from 
above downwards, and is slightly notched on the outer edge. The transverse pro- 
cesses are thin plates and do not appear to be perforated at the base by the verte- 
brarterial canal. The surfaces for the centrum of the axis are flat, oval and placed 
almost transversely ; there is no facet upon the posterior edge of the inferior arch of 
the atlas, for the centrum of the axis beneath the odontoid process, such as occurs in 
the camels and true ruminants. Fragments of other vertebre occur in the collec- 
tion, which undoubtedly belong to ZLeptotragulus, but they are not ua well 
preserved to warrant description. 

Of the scapula, the distal portion is preserved. The glenoid cavity is oval in 
shape, the antero-posterior diameter exceeding the transverse; the coracoid is promi- 
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nent and but little recurved. The position of the spine is somewhat different from 
that seen in the recent selenodonts, in which the spine is placed in advance of the 
median line, thus making the prescapular fossa much smaller than the postscapular. 
This inequality is also shown in a less degree in Leptotragulus, in which respect this 
genus agrees with the earlier selenodonts, such as Anoplothertwm and Oreodon. 

Of the humerus we have only the distal end, which, however, shows some inter- 
esting characters. The internal epicondyle is not prominent and is pushed to the pos- 
terior side; the inner condyle of the trochlea is much extended transversely, while 
the outer condyle is narrow; the intercondylar ridge is not prominent, and is above 
rounded and -rather broad, but rapidly becomes narrow and sharp. This portion of 
the humerus forms a strong contrast to that of the oreodonts, which finds a parallel 
only in Anoplotherium. The anconeal fossa is deep and narrow and appears to per- 
forate the shaft. 

‘The ulna and radius are very closely applied together, but they do not coalesce, 
at least in the proximal portion, whatever may be true of the distal end. The ulna 
has a heavy and prominent olecranon and a deeply incised sigmoid notch, with a re- 
curved superior margin. ‘The contact with the humeral condyles is limited to very 
small inner and outer facets, which are but continuations backwards of the corre- 
sponding radial facets. The shaft is quite broad at the level of the head of the radius, 
but rapidly tapers below this point and becomes very slender and reduced. The 
head of the radius is both broad and deep; it is only slightly concave, and the division 
into facets only obscurely marked; the anterior margin rises somewhat towards the 
inner side ; the groove for the intercondylar ridge is very shallow, and the front margin 
is not notched. Below the head, the shaft tapers and becomes more rounded. Un- 
fortunately neither the distal ends of the forearm bones, nor any of the carpal ele- 
ments, have been found. | 

The femur is represented by a much damaged proximal end, which, however, 
presents some interesting features. The head is small, hemispherical, and set upon 
a long and very distinct neck; the pit for the ligamentum teres is but faintly marked. 
The great trochanter is broken away, but it was obviously large and, with 
the strongly projecting neck, makes this region of the bone unusually broad. The 
second trochanter is large, rugose and prominent; what appears to be the remains of 
a ridge, connects this trochanter with the greater one, as in Hyopotamus, to the femur 
of which this fragment bears considerable resemblance. The shaft is broad and flat- 
tened above, but appears to taper rapidly and to become more rounded below. 

Of the tibia we have only the distal end, with fragments of the proximal con- 
dyles, which, however, are too much injured for description. The lower portion of 
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the shaft is transversely extended and quite massive, expanding but little into the 
distal end. The articular surfaces for the astragalus are quite deeply incised and 
separated by a prominent intercondylar ridge. The outer edge of the distal surface 
shows a narrow facet for the fibula, indicating that the latter had commenced to shift 
beneath the tibia; though the narrowness of this facet and the large rugose surface 
upon the external side of the tibia, make it probable that the reduction of the fibula 
was by no means complete. It has, however, clearly begun. 

The foot structure of Leptotragulus is very curious, though we are unfortunately 
not in a position to give a complete account of it. The manus seems to have pos- 
sessed four functional digits, and is represented in the specimen before us by the 
proximal ends of what appear to be the second and fourth metacarpals. Me. m (?) 
is slender, but hardly more reduced than in Oreodon. Its proximal end shows three 
facets, of which the largest is a concave one for the trapezoid, and behind this a 
separate one for the trapezium ; a small oblique surface towards the ulnar side seems 
to be for the magnum, thus indicating an “unreduced” type of manus. Me. Iv is 
much stouter and has a trihedral shaft and a simple, saddle-shaped surface for the 
unciform. On the ulnar side is a deep depression, apparently for the fifth metacarpal. 
This account is given with reserve, as the fragments described are too imperfect for 
certain identification, and the differences indicated between the fore and hind foot are 
very remarkable. 

The pes is fortunately much better preserved than the manus. The calcaneum 
is rather long, compressed and deep, with approximately parallel edges. The fibular 
facet is prominent, strongly arched from before backwards and descending abruptly 
in front. An astragalar surface is on the inner side of this facet and forms a sharp 
angle with it. The distal end of the caleaneum is very narrow, but of considerable 
antero-posterior extent, and bears upon its inner side an unusually large surface for 
the astragalus. The latter is strikingly high and narrow; the proximal condyles are 
small and quite widely separated; the outer one is divided by a considerable interval 
from the cuboidal facet, while the inner extends ‘further down and reaches the nayicu- 
lar surface. The fibular facet upon the outer condyle is very long. The distal trochlea 
is unevenly divided between the facets for the navicular and cuboid, the latter being 
very narrow. The inferior surface for the sustentaculum tali is long and narrow and 
separated by a deep pit from the overhanging external proximal condyle. The cuboid 
is high, narrow, and deep (antero-posteriorly) ; the calcaneal facet is arched from 
before backwards and in front descends much below that for the astragalus; it is also 
slightly broader than the latter; upon the tibial side of the cuboid are two small 
and widely separated facets for the navicular, the position of which indicates that the 
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latter hone was comparatively low, and the cuneiforms high. The distal end is en- 
tirely occupied by the large facet for metacarpal rv, though what seems to be a small 
facet for mt. Vv occurs upon the external side. The posterior hook-like process of the 
cuboid is long, heavy and recurved. 

The metatarsus apparently consists of two functional members, though grooves 
and facets upon the sides of these indicate the presence of at least the proximal 
portions of the lateral metatarsals. Mt. 1m appears to have been less reduced than 
mt. vy. ‘The median pair are more slender than the corresponding metacarpals, and 
were probably more elongate; their shafts are flattened and the approximate surfaces 
very closely applied, but show no tendency to coossify; both have strong posterior 
projections from the proximal ends. The head of mt. m1 would seem to indicate that 
the meso and ectocuneiforms were not coossified. Mt. 1v covers the entire distal 
surface of the cuboid, allowing to mt. v only a lateral connection with that bone. 
The distal ends of the median metatarsals at once suggest the characteristic cannon- 
bone of the T'ylopoda, and are remarkably like those of the White River representa- 
tive of that group, Poebrothertwm. The articular surface is but slightly marked off 
from the shaft, and the keel, though prominent, is confined entirely to the palmar 
side. When the ends of the two metatarsals are placed together they exhibit a slight 
divergence, as is the case in a much more marked degree in the recent Tylopoda. 

The »halanges of the proximal row are long and slender and curved outwards ; 
the proximal surfaces are somewhat symmetrical, causing a slight divergence of 
the toes. ‘The ungual phalanges are high, compressed and pointed, and somewhat 
flattened on the internal (approximate) sides; they resemble the unguals of the ante- 
lopes much more than those of recent Tylopoda. 


The Systematic Position of Leptotragulus. 


In our preliminary account, drawn up from the mandibular dentition only, we 
inclined to the view that this genus was allied to Prodremothertum, and was, perhaps, 
the forerunner of the White River Leptomeryx. The new material identified since 
that description was written, as well as direct comparison with original specimens of 
Prodremotherium, shows that our former conjecture is entirely untenable. The teeth, 
and still more strongly the skeletal fragments, prove that Leptotragulus is very closely 
allied to Poebrotherium, and is, therefore, the earliest known representative of the 
_ Tylopoda. If more perfect specimens should confirm the doubtful indication in the 

type of the loss of the first lower premolar, this species, at least, could not be placed 
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in the direct line of descent, though in any event it is but slightly removed from 
that line. 

The inferior premolars are composed of the same elements as in Poebrothervum, 
but have quite a different appearance, owing to their moderate antero-posterior extent, 
while in the latter genus they are very much elongated; the difference between the 
two being least marked in the case of the last premolar. The most important dis- 
tinction in the molars of Leptotragulus from those of the White River genus consists 
in their completely brachyodont character; they are also not so far removed from the 
bunodont pattern; the inner cusps are stout-and conical, and the outer distinctly tri- 
hedral, while in Poebrotheriwum the crescents, and especially the internal ones, are 
compressed into thin laminz. The crescents are not so sharply separated by deep 
constrictions, and the valleys are niore nearly confluent in the Uinta genus; the heel 
of the last molar is also proportionally larger and contains a deeper valley. Another 
difference consists in the absence from the molars of Poebrother‘um of the small col- 
umns developed from the cingulum between the outer crescents. The elongated 
slender shape of the mandible recalls that seen in Poebrothervum. 

The atlas is almost a reduced copy of that of Poebrothertum, but the notch at 
the side of the anterior cotylus is not nearly so deep, and there is no articular surface 
developed on the hinder edge of the inferior arch to connect with the centrum of the 
axis below the odontoid process. 

The scapula has a more oval glenoid cavity, a less prominent coracoid, and the 
spine is placed more nearly in the median line; the intercondylar ridge of the distal 
end of the humerus is narrower and less ere 

If we may trust the account given above, the manus is very different in the two 
genera in that the manus of Leptotragulus is but slightly reduced, and that the sec- 
ond metacarpal retains its connection with the magnum. The fibula seems also to be 
less reduced, though the process has obviously begun. The tarsus, metatarsus and 
phalanges are much like those of Poebrotherium, with only slight differences, such as 
the larger size of the cuboid hook and the relative narrowness of that bone. The 
unguals are very closely alike in the two genera, and indicate that the peculiar foot 
structure which characterizes the camel and llama could not have occurred in the 
Uinta and White River representatives of the group, which probably had feet with 
the general appearance of those of the ordinary ruminants. The pad or cushion 
developed, no doubt, pari-passu with the formation of the peculiar cannon-bone with 
its diverging distal ends. The ungual phalanges of Protolabis and Procamelus have 


not as yet been identified, but there is every reason to suppose that they exhibit sue 
cessive stages of reduction. 
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Leptotragulus is, therefore, to be regarded either as the direct ancestor of Poebro- 
therium, or as very closely connected with that ancestor. Unless, however, the doubtful 
indications of tetradactyl feet in the Uinta genus should be confirmed, it throws no 
great amount of light upon the vexed question of the origin of the camels and their 
relations to other selenodonts. Among the imperfectly known and sparsely represented 
artiodactyls of the Bridger, the one which most clearly suggests itself as a forerunner 
of Leptotragulus is Homacodon. This animal is described by Marsh (No. 9, p. 364) 
as being “ very nearly allied to Helohyus, and but a single step away from this genus 
towards the selenodonts. * * * ‘This primitive selenodont had forty-four teeth, 
which formed a nearly continuous series. The molar teeth are very similar to those 
of Helohyus, but the cones on the crowns have become partially triangular in outline, 
so that when worn the selenodont pattern is clearly recognizable. The first and sec- 
ond upper molars, moreover, have three distinct posterior cusps, and two in front; a 
peculiar feature, which is seen also in the European genera, Dichobune and Caino- 
therxum. ‘There were four toes on each foot, and the metapodial bones were distinct. 
The type species of this genus was about as large asa cat. With Helohyus this 
genus forms a well-marked family, the Helohyide.” 

The association of these two genera into a single family is quite inadmissible, 
as it ignores a fundamental difference in the construction of the upper molars; in 
Helohyus the fifth cusp is in the anterior half of the tooth, while in Homacodon it is 
in the posterior half. This latter genus belongs clearly to the Dichobunide, and the 
published description shows no reason for separating it from Dvchobune itself. Before 
identifying it with the European form, however, it seems best to wait for fuller infor- 
mation with regard to the American species. Similarly, in the absence of the upper 
molars, it would be premature to state that Leptotragulus is to be derived from /Ho- 
macodon, though there is nothing in what is known of the two genera to forbid such 
a derivation, which may therefore be fairly assumed. If this connection should be 
confirmed, it would necessitate revision of the current views upon the relationships of 
the T'ylopoda. Schlosser (No. 13, p. 42) regards this group as a branch of the same 
general stem which developed the Anoplotheride, the Anthracotheride, etc., and espe- 
cially as being connected with the oreodonts, a suggestion which has also been made 
by Riitimeyer (No. 11, p. 98). On the other hand, Schlosser derives the tragulines 
and true ruminants from the Dichobunide, thus making a very radical distinction 
between the Tylopoda and the other existing selenodonts. If, however, the sugges- 

- tion here made, that Homacodon and Leptotragulus are genetically connected, be con- 
firmed, it follows that the Tylopoda are also to be derived from the Dichobunide, and 
therefore from the same origin as the other recent sclenodonts. Such a result would 
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further conclusively demonstrate that the oreodonts are but remotely connected with 
the camels, as is indeed made exceedingly probable by what we already know of the 
earlier members of the two groups. Protoreodon, which will be fully described here- 
after, shows the unpaired cusp in the anterior half of the upper molars, just as in 
Helohyus, from which, indeed, it seems to have been derived, and its resemblance to 
such types as Anoplother’um and the (so-called) Hocene species of Hyopotamus is 
very marked, and Schlosser is fully justified in associating the oreodonts with 
these phyla. On the other hand, the resemblances between the camels and the 
oreodonts are only such as are common to all the more primitive selenodonts, 
and indeed this peculiar family has decidedly more similarity to the tragulines than 
to the camels. Leptotragulus is almost. as different from its contemporary Protoreo- 
don, as Oreodon is from Poebrotherium, or Merychyus from Procamelus. The Bridger 
representatives of these two phyla are apparently Helohyus and Homacodon, which 
not improbably take their rise from a common starting point in Pantolestes of the 
Wasatch, which would thus be the progenitor of the two characteristically Amer- 
ican groups of selenodonts, as well as through the Dichobunide of the European 
series also. Of course, in the present state of knowledge, these suggestions can _ 
only be made tentatively ; they are not yet capable of demonstration. 

Whether we adopt the scheme of genetic relationships propounded by Schlosser, 
or the one here suggested, it necessarily follows that the word selenodont can only be 
used as a term of description and not of classification; for it seems clear that this 
pattern of dentition has been independently assumed, by many groups of artiodactyls. 
Nearly all the types of selenodonts may be traced back step by step to the general- 
ized buno-selenodonts of the Eocene, and the resemblance between the molar teeth 
of such forms as Zragulus and Cainotherium, Oreodon and Cervus is much more 
probably due to mechanical conditions than to genetic relationship. 


Measurements. M. MW. M. 
* Homacodon vagans. + Leptotragulus proavus. Pocbrotherium wilsont. 

Length lower premolar series (last three)..... ; 021 080. 
Last lower premolar antero-post. diameter..... 007 . | Ai ; 

Pee «transverse Preach es .008 : 
First lower molar antero-post. diameter........ .008 ot 

i “transverse chk Beha Foe - .005 .006 
Length lower molariseries,...- csv esiaiaisie ele -OL7.5 026+ 042 ~ 
Last lower molar antero-post. diameter....... .007.3 “0124 -019 alts 

3 7G «« transverse EMER hs 6 004 0064 007 oa Ba. 
Heicht of astragalus, ee sncy see reece cee 014 .020 a isi 


* These measurements from Marsh, Am. Jour. Sci: and Arts (3), IV, p. 126. 
+Second specimen. 
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PROTOREODON S&S. & O. (PI. VII, Figs. 1-5). 


This genus is the most perfectly known and after Zriplopus the most abundant 
of all the Uinta mammals. The Princeton collection contains portions ofa large 
number of individuals representing nearly all the important parts of the skeleton and 
pertaining apparently to two species. The genus is to be defined as follows: “ Sel- 
enodont Artiodactyla with unreduced dentition ; inferior canines with the form and 
function of incisors, first lower premolar caniniform ; superior molars of five crescents, 
the unpaired one much reduced and situated in the anterior half of the crown, outer 
wall erect and flattened ; crowns very low and broad, valleys widely open; inferior 
molars much like those of Agriocherus with conical internal crescents. No diaste- 
mata in lower dental series and a very short one behind the upper canine. Cranium 
narrow and very much elongated, orbit open behind, apparently no lachrymal pit. 
Lunar resting more directly upon the magnum than in Oreodon ; manus pentadacty] ; 
pes tetradactyl and inadaptively reduced. 

Before proceeding to describe the osteology of this remarkable genus it may 
be well to glance at previous notives of the Uinta selenodonts. The first one de- 
scribed is the Agriochwrus pumilus Marsh (No. 8, p. 250), which is founded upon the 
inferior dentition. Jt seems highly improbable that this White River genus should 
occur in the Uinta, and the lower molars of Protoreodon being, as we have already 
seen, much like those of Agriocherus, one is led to infer that this supposed Ayrio- 
cherus belongs to Protoreodon, but in the absence of the upper molars this cannot be 
certainly determined. Prof. Marsh (No. 9, pp. 364-5) subsequently named three 
genera from this formation, of which he says: ‘In the Diplacodon horizon of the 
Upper Eocene, the selenodont dentition is no longer doubtful, as it is seen in most of 
the Artiodactyla yet found in these beds. These animals are all small, and belong to 
at least three distinct genera. One of these, Homeryzx, closely resembles Homacodon 
in most of its skeleton, and has four toes, but its teeth show well-marked crescents 
and a partial transition to the teeth of Hyopotamus from the Eocene of Hurope. 
With this genus is another (Parameryz), also closely allied to Homacodon, but appa- 
rently a straggler from the true line, as it has but three toes behind. The most pro- 
nounced selenodont in the Upper Eocene is the Oromeryx, which genus appears to 
be allied to the existing deer family, or Cervide, and if so is the oldest known repre- 
sentative of the group.” “The least specialized, and apparently the oldest, genus of 
this group [the oreodonts] is Agriocherus, which so nearly resembles the older Hy- 
opotamus, and the still more ancient Homeryx, that we can hardly doubt that they 
all belonged to the same ancestral line.” “A most interesting line, that leading to 
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the camels and llamas, separates from the primitive selenodont line in the Eocene, 
probably through the genus Parameryx.” Whether any of these genera includes the 
previously described Agriocherus pumilus, we are not informed, but the reference to 
the resemblance between the dentition of Homeryx and that of Hyopotamus and 
Agriocherus may perhaps be taken to imply that the former is founded upon the 
superior dentition of A. pumilus, and may therefore be the same as Protoreodon. 
That Parameryx may be identical with Leptotragulus is suggested by the reference 
of the former to the camel line. However, these meagre accounts, with no species 
descriptions, and no accompanying figures, are insufficient for identification. 

The osteology of Protoreodon is in most respects very similar to that of its 
White River successor, Oreodon, though in several respects it is more primitive and 
presents many interesting indications which serve to point out the line of descent 
through which this remarkable family has passed, as well as its relationships with 
other groups of selenodonts, both American and European. | 

The skull, which fortunately is in a fairly good state of preservation, presents 
some features of great interest. It resembles in general construction that of the 
Oreodontide, being in some respects like that of Oreodon, in others more like the 
skull of Agriocherus, while, in several ways, it is more primitive than either. As a 


whole the skull is longer and narrower than in the Miocene forms, a statement which — 


applies especially to the cranium and more particularly to the posterior region of it 
behind the postglenoid processes, the length of which region is to a remarkable 
degree greater than in the later genera of the group. The face, on the other hand, is 
rather short, the anterior edge of the orbit being above the first molar. The cranial 
and facial axes are in the same straight line, and the upper contour of the skull is 


also nearly straight, as it is not complicated by the development of large air sinuses . 


in the frontal region. The sagittal crest is very long and prominent, the oeciput low 
and narrow. 


As is general among the Oreodontide the parietals have a very great antero- 


posterior extent and form with the squamosals almost the entire cranium; posteriorly 


they are very narrow, but become much broader in front of the squamosals, where 
they send down great processes to meet the alisphenoids. The high sagittal erest 
extends the entire length of the parietals. The occiput is rather strongly convex, 


but is low and narrow, as are also the exoccipitals, which do not extend upon the 
side walls of the cranium. The paroccipital processes are long and slender, and are 


much like those in Agriocherus, but are further in advance of the occipital condyles 
and even more widely separated from the postglenoid processes than in that genus, — 


the elongation of this region of the cranium being especially characteristic of P 
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toreodon. From the crushed condition of this part of the skull it cannot very well 
be determined whether or not the periotic was exposed upon the surface, but in all 
probability it was. The frontals form but very little of the roof of the cranium, as 
they terminate just behind the orbits and are chiefly confined to the covering of the 
orbits and nasal cavity. The supraciliary ridges are prominent and diverge from the 
sagittal crest, as in Oreodon, terminating in long, overhanging postorbital processes, 
but, as in Agriocherus, they do not reach the jugal and the orbits are widely open 
behind. 

The squamosals are very large and form most of the side walls of the cranium ; 
they articulate with the parietals both superiorly and anteriorly. The zygomatic 
processes are very long; the free portion is compressed laterally and quite slender, 
but the bases have a considerable antero-posterior extent, as in Oreodon’; the post- 
glenoid processes are less massive, and are less produced transversely and more ver- 
tically than in that genus. The glenoid cavity is also somewhat different ; Leidy 
thus describes it in Oreodon (No.7, p. 75): “The glenoid articulation exhibits a broad 
surface extending outwardly on the under part of the posterior root of the zygoma. 
Its fore part is nearly straight and horizontal transversely, and is moderately convex 
antero-posteriorly, inclining forward internally and backward extérnally. Postero- 
internally it descends upon a remarkably large and strong postglenoid tubercle, 
which is antero-posteriorly compressed, mammillary in shape.” This description 
applies also to the glenoid cavity of Protoreodon, except that the surface has a smaller 
extent from before backwards, it is rather more strongly convex in front and is not pro- 
duced into an elevation internally; the postglenoid process is also much less massive. 

In correspondence with the great elongation of the cranium the zygomatic arches 
are very long; the jugal is long and quite slender and has but a rudimentary post- 
orbital process, which is widely separated from that of the frontal; it is not notched 
to receive the anterior end of the zygomatic process, as in Oreodon, and has a some- 
what greater extension upon the face than in that genus. The lachrymal, on the 
contrary, would seem to be smaller, and apparently had no depression or pit, though 
this statement cannot be made positively. 

The base of the skull is unfortunately much injured and allows but little to be 
made out with regard to its structure. The alisphenoids are very large and have 
large pterygoid plates, which bound the much elongated posterior nares; the latter 
extends far forward betweei the molars and ends anteriorly in a pointed arch, so that 
both in shape and position it agrees closely with that of Agriocherus, and is quite 
different from that of Oreodon. It cannot be ascertained, whether or not the tym- 
panic bullz were inflated, but we may infer that they were from the fact that such 
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inflation occurs both in Agriocherus and in the oldest species of Oreodon which are 
found in the lowest horizon of the White River formation, the Zvtanotheriuwm beds. 

The maxillary resembles that of Oreodon, being very low beneath the orbit and 
extending up to the nasals in advance of the lachrymal; the alveolar portion is low 
throughout in correspondence with the exceedingly low crowns of the teeth, and even 
the portion of the maxillary which forms the side wall of the nasal cavity is propor- 
tionately lower than in the Miocene genus. The palatine processes are rather narrow, 
and a narrow incision occurs between the alveolus of the last molar and the palatine 
plate; this incision is also present in Oreodon, but is broader. The infraorbital fora- 
men is situated above the penultimate (pm. 3), which is the position it oceupies in 
Agriocherus, while in Oreodon it is placed somewhat more anteriorly. Neither 
nasals nor premaxillaries are preserved in any of the specimens. 

The mandible is short and deep, with an abruptly rounded chin and long, very 
steeply placed symphysis. The condyle is shaped very much as in Oreodon, but the 
coronoid process is more like that of Agriochwrus in being higher and more deeply 
separated from the condyle, and consequently less like that of the peccary. So far 
as can be determined the angle of the mandible was not so much thickened as in 
Oreodon ; the two rami are not closely interlocked and eyen in old individuals show 
no tendency to coossification. 

The dentition is of especial interest as it serves to connect the isolated and pecu- 
liar family of the Oreodontide with the other selenodonts of the American and Huro- 
pean Eocene. 

Upper jaw. The super ior incisors are not represented in the collection, Re only 
the fang of the superior canine; the latter, however, shows the characteristic D- 
shaped section seen in Oreodon, and doubtless the crown presented no important — 
differences. The same statement applies to the most anterior premolar (pm. 1). 
The second premolar, seen from the outer side, resembles much the correspond- 
ing tooth in Oreodon, having a compressed conical crown with trenchant edges. 
Seen from below, however, it is more simply constructed, as the small internal access- 
ory valleys are barely indicated, and the cingulum is but feebly developed. The 
third premolar is more transversely extended than the preceding one and has the ex- 
ternal wall slightly concave, but is constructed essentially like it, and is consequently 
simpler than the same tooth in Orzodon. Leidy describes these premolars in Or codon 
as follows (No. 7, p. 81): “The anterior three upper premolars are constructed atter ; 
the same plan. They decrease successively in size and in the degree of develop- 
ment Hs cool details of eS By, from ue third to the first of the series. ie ee 
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surface. The narrower internal surfaces appear as triangular inclined planes, sepa- 
rated by a median acute ridge extending from the point to the base of the crown. 
The anterior of the internal surfaces forms at the base a pair of shallow pouches, de- 
fined by a double festoon. The posterior of the same surfaces forms a single and 
larger pouch at the base of the crown, included by a single and thicker festoon. This 
latter in the third premolar almost assumes the dignity of an additional lobe to the 
crown, resembling the internal lobes of the true molars.” In Protoreodon these fes- 
toons are not more distinctly marked on pm. 3 than on pm. 2, being only very faint 
elevations of the cingulum and single, not double, on the anterior part. of the crown. 
Pms. 3 and 4 are each implanted by three fangs, pms. 1 and 2 by two. The last pre- 
molar has the form seen in Oreodon and the ruminants generally; it consists of two 
crescents, an internal and an external and an internal, with a strong internal cingulum. 
The outer crescent still retains the cordate shape and the trenchant edges seen in the 
anterior premolars, and is considerably larger than the external crescents of the 
true molars. The cingulum is not so strongly developed on the outer side, nor is the 
external wall of the tooth so deeply concave as in Oreodon. 

The anterior premolars of Protoreodon, with their great simplicity of construc- 
tion, are decidedly more like those of Agriochwrus than those of Oreodon, but the 
fourth premolar resembles that of the latter genus, while in Aygriochwrus it has 
reached an extraordinary degree of complication, having almost completely assumed 
the molar pattern, and differing only in the rudimentary state of the postero-internal 
lobe. 

The molars of Protoreodon increase in size successively from the first to the 
_ third; the crowns are very low and broad in proportion to their antero-posterior ex- 
tent; the valleys are very shallow and widely open ; the internal crescents are massive 
pyramids, and the horns are very faintly marked ridges. The external crescents are 
- intermediate in character between those of Oreodon and of Agriocherus, in being less 
concave and overhanging and less deeply separated by an outward extension of the 
median valley than in the latter, more so than in the former, with an additional 
resemblance to Oreodon in the compressed shape of the buttress between the outer 
lobes and in the faint convex ridge which runs up from the apex of these crescents. 
The balance of resemblance, as far as the outer wall of the tooth is concerned, in- 
clines therefore towards Oreodon, while the construction of the inner half of the crown 
and the general appearance of the whole is more like that of Agriochwrus. A very 
important difference from the molars of all the oreodonts hitherto known consists in 
the presence of a fifth lobe situated in the anterior half of the crown; it is but 
slightly separated from the antero-internal crescent, with which it is apparently 
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beginning to coalesce. These five-lobed upper molars are found among nearly all the 
selenodonts of the American and European Eocene, and the discovery of Protoreo- 
don confirms Schlosser’s conjecture (No. 13, p. 42) that the Oreodontede have been 
derived from animals with molars of this pattern, though this ancestral type is clearly 
not what he supposed it would be, namely, the common form from which both oreo- 
donts and Tylopoda have descended. i 

Lower jaw. The incisors increase in size from the median to the lateral one ; their 
crowns are proportionately higher than in Oreodon and of somewhat different shape, 
in that they are more flattened and quadrate in outline and the cutting edges are 
straighter. In the median one the cutting edge is placed nearly at right angles to 
the lateral edges, while in Oreodon the incisors are more acute and pointed. As in 
all the later members of this family, except Prthecistes, the lower canine has assumed 
the form and functions of an incisor, and forms the largest of that series, while the 
first premolar has become caniniform, a transformation which is entirely peculiar to 
this line of selenodonts. Analogous changes occur in Xiphodontherium, where pm. 2 
is caniniform, and in Hyp/sodus where the canine and first two premolars have gone 
over to the incisor series, but only the oreodonts show the enlargement of the first 
premolar and such a change of shape, that it almost deserves the name of a tusk. In 
Protoreodon the caniniform premolar is directed upwards and outwards, scarcely at 
all forwards; the outer side is quite strongly convex, the inner side is divided by 
a ridge, running down from the acutely pointed apex, into two somewhat concave 
surfaces, of which the anterior is somewhat the larger; the anterior and posterior 
edges of the crown are sharp and trenchant. In Oreodon both the outer and inner 
sides of the crown are more flattened; that is to say, in Protoreodon the transforma- 
tion is less complete, the tooth retaining very clear marks of the fact that the func- 
tional canine is in reality a premolar. _The other premolars have considerable resem- 
blance to those of Oreodon, but are of less complicated construction and are more ° 
compressed and trenchant. Pm. 2 is a simple compressed cone, with very small 
transverse and considerable antero-posterior diameter; on the hinder edge is a very 
narrow and shallow depression, which is much more marked in Oreodon, but not in 
Agriocherus, where this tooth is entirely simple and reduced in size. Pm. 8 is an 
enlarged copy of pm. 2, except that the internal cingulum is more pronounced and — 
the posterior valley somewhat larger. In Oreodon this tooth is proportionately much 
larger, the valley is enlarged, curved inwardly and completely enclosed ; the anterior 
half is also much more strongly concave on the inner side. Pm. 4 is more or less 
broken in all the specimens, but enough remains to show that it was more simply 
constructed than in Oreodon, which Leidy thus describes: “From the median point — 
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an oblique ridge descends internally and terminates in a large trilateral pointed 
tubercle which springs from the middle of the base of the crown and rises nearly as 
high as the principal point.” In Protoreodon this tooth has a very much smaller 
transverse diameter than in the Miocene genus; the anterior half of the crown is 
much less concave on the inner side, and it would seem that the internal tubercle was 
rudimentary and the posterior valley small. At all events, the greater simplicity of 
the tooth can be seen from the anterior half of the crown, which is uninjured. 

The true molars differ in several important respects from those of Oreodon and 
are more like, but not identical with, those of Aygriochwrus. The inner crescents are 
more conical and less compressed than in the former genus, and the outer cusps are 
less distinctly crescent-shaped ; they are also more widely separated from the inner 
crescents, so that the valleys are much broader and shallower. The anterior pair of 
crescents is much more completely separated from the posterior than in Oreodon, by 
-a depression which runs across the crown. All this is equivalent to saying that in 
Protoreodon the selenodont pattern of the lower molars is much less completely de- 
veloped than in Oreodon. Compared with the molars of Agriochwrus, those of the 
Uinta genus present the following differences: The internal crescents are convex on 
the inner side, instead of being concave with a median ridge, and the basal tubercles 
on these crescents are smaller; the outer crescents are less flattened and the bones 
slightly more prominent, though leaving the valleys open in front. As in this genus, 
the heel of the last molar is proportionately larger than in Oreodon. ; 

The brain of Protoreodon (PI. III, Fig. 1”), as indicated by the shape and size 
of the brain case, is very narrow and considerably elongated ; the hemispheres are 
especially small and more simply convoluted than in Oreodon ; the convolutions are, 
as in this genus, rather broad and have a nearly straight fore and aft direction, con- 
verging in front; the medilateral gyrus is not very distinctly marked. ‘The posterior 
region of the brain including the cerebellum and medulla is very long in proportion 
to the hemispheres, and apparently the corpora quadrigemina were partially uncoy- 
ered by the interspace separating the hemispheres from the cerebellum. As a whole, 
the brain is distinctly smaller in proportion than in the Miocene genera of the group. 

The vertebral column is represented in the collection by many specimens from all 
_ the regions; but as they are not in an especially good state of preservation, and as 
they do not show any very striking differences from the vertebrxe of Oreodon, they 
will not require an extended description. | 

The atlas is very similar to that of Oreodon and resembles therefore that of the 
tragulines rather than that of the Pecora; it is short in the antero-posterior direction, 
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but with widely extended transverse processes, which are perforated by the vertebrar- 
terial canal. The anterior cotylus for the occipital condyles is quite shallow, the 
posterior faces for the axis are quite flat and with greater vertical than transverse 
diameter. The axis is likewise similar to that of Oreodon, though with differences. 
The atlanteal faces are narrower than in that genus, but higher, and form a consider- 
able part of the side walls of the neural canal; the odontoid process is,narrower and 
more peg-shaped, and the articular surface on its lower side is not continuous with 
the facets for the atlas, but separated by a faint ridge; the upper surface of the pro- 
cess is marked by a quite high and strong ridge, which loses itself posteriorly in the 
floor of the neural canal. In Oreodon the upper surface of the odontoid is either flat 
or, as is the case in many specimens, it shows an approximation to the spout-like 
form of the ruminants in the elevation of the edges, so that it becomes somewhat 
~ concave from side to side. The shape of the process is thus seen to be quite different 
in Protoreodon. The centrum of the axis is keeled and quite strongly opisthoccelus ;_ 
neither neural spine nor transverse process is preserved in any of the specimens. 

The other cervical vertebr are rather longer in proportion than those of Oreodon 
and have somewhat more markedly opisthoccelous centra; the anterior ones at least 
have either obsolete or very low spines, and apparently all except the seventh exhibit 
the vertebrarterial canal. 

Except for their light and slender construction, neither the dorsal nor the lumbar 
vertebrae present any special peculiarities; the posterior dorsals are long and com- 
pressed, the lumbars become broad and depressed in the hinder part of the region. 
The artiodactyl characteristic of cylindrical and interlocking zygapophyses in the 
posterior dorsal and lumbar vertebrae is quite as well developed as in the White 
River genera of the group. Several caudal vertebrae indicate that the animal pos- 
sessed an unusually long and stout tail, even more so than in Oreodon, as is made — 
probable by the size of the transverse process upon the more anterior vertebree. 

Of the scapula only the distal portion is preserved, which is, however, sufficient 
to show its more essential characters. The glenoid cavity is subcircular in outline, 
much as in Oreodon and Hyopotamus; the coracoid process is recurved and promi- 
nent, and the spine rises abruptly from the neck, as in Oreodon and the ruminants, 
and having a very different shape from that which occurs in the pigs. As far as can r 
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The humerus agrees closely with that of Oreodon, which, as Cope has pointed 
out (No. 4, p. 508), is very peculiar and differing from that of all recent artiodactyls, 
finds its nearest analogue in Anoplotherium. “The greater tuberosity is large, rising 
above the head; and is incurved, terminating inwards in an acuminate apex. Its 
border at the base is thrown into an obtuse angle. The lesser tuberosity is small, and 
is well separated from the greater by a deep and wide bicipital groove. The deltoid 
ridge is distinct. The condylar extremity is more transversely extended than in any 
recent artiodactyl, owing to the fact that the posterior internal distal tube- 
rosity is placed interior to the trochlea instead of partially behind it, and that there 
is, in addition, an internal epicondyle not seen in the recent suilline or ruminant mem- 
bers of the order. The intercondylar ridge is strong, and wider than in most. recent 
ruminants; in the suillines it has nothing like such a development. Another pecu- 
liarity is the flange-like free border of the external trochlea, which is especially re- 
curved at its superior part.” With a few modifications this description will apply 
equally well to the humerus of Protoreodon. The shaft is rather more slender and 
the deltoid ridge much less massive and prominent; the anconeal fossa is narrow and 
_ very deep, perforating the shaft, as is also generally the case in the Miocene genus. 

The ulna, as would naturally be expected, shows no tendency to coossify with 
the radius ; the olecranon is unusually long and stout and deeply grooved at its upper 
end; the sigmoid notch forms somewhat less than a semicircle and passes below into 
two small facets for the head of the radius. The shaft is stout and trihedral in the 
upper portion, but becomes very much compressed below and presents a deep groove 
on the internal side. The distal end is not preserved in any of the specimens. This 
bone shows more differences from the corresponding element of Oreodon than does 
the humerus; the most important of these are the proportionately greater size of the 
olecranon and the singular flattening and grooving of the shaft. 

The radius differs but slightly from that of Oreodon, as far as the fragments pre- 
served allow of comparison. The surface for articulation with the humerus is a 
rather broad head, which is much. compressed from before backwards; the articular 
facets form three portions, a median concavity for the intercondylar ridge, or tuber- 
osity it might be called, and a more flattened surface on each side of this. The 
external beveled surface for the curious flange on the humeral condyle above men- 
tioned, is more concave and descends lower on the anterior face of the bone than in 
Oreodon, and the anterior edge is somewhat more sinuous than in that genus, though 
there is no emargination for the intercondylar ridge, such as occurs in the anterior 

‘proximal edge of the radius in the recent ruminants, and, in a much less marked 
degree, in the suillines. This structure of the head of the radius is highly charac- 
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teristic of the Oreodontide and is correlated with the equally characteristic shape of 
the trochlea of the humerus. The ulnar facet on the posterior side of the head of 
the radius is much less conspicuous than in Oreodon. The shaft has a somewhat flat- 
tened, transversely oval shape, which does not tend to become cylindrical, as is the 
case in Oreodon. Unfortunately we have not been able to identify the distal end of 
the radius. } 

The carpus. As one would naturally expect, the structure of the carpus of 
Protoreodon is very much like that of the Miocene members of the family, though 
some variations of importance may be observed, especially that the various elements 
are less cuboidal in outline and of lighter construction. 

The scaphoid is more extended transversely and less antero-posteriorly than in 
Oreodon ; the proximal surface is more deeply concave, the rising in front more 
abrupt and the radial facet descends further on the anterior side ; on the distal sur- 
face the facet for the trapezium is distinctly larger than in the Miocene type, where 
it is exceedingly minute; the trapezoid facet is also larger in proportion, while that 
for. the magnum is correspondingly smaller, nor are there any such anterior ridge and 
posterior concavity as are to be seen in the later representatives of the family. In 
Oreodon the lunar, as Cope has pointed out, has the remarkable peculiarity of resting 
almost entirely upon the unciform, while the magnum has moved almost completely 
under the scaphoid, a tendency which reaches its maximum in Merycocherus and 
Merychyus, when there is only a lateral contact between the lunar and the magnum. 
Among recent artiodactyls, the only group where such a displacement of the carpal 
elements is to be found is that of the Tragulina. 

In Protoreodon the same peculiar construction of the carpus appears, but it has 
not been carried to quite the same extent. The lunar has a greater antero-posterior 
diameter, the radial surface is more extended in the same direction and is not nearly 
so strongly convex. ‘The distal beak-shaped prolongation, which passes between the 
magnum and the unciform, has not moved quite so far toward the radial side, and 
even in front the lunar rests somewhat, though but slightly, upon the magnum, while, 
behind, the magnum is proportionately much larger and presents more directly down- 
wards, instead of being rather more lateral than distal, as is found to be the case in 
Oreodon. The unciform facet of the lunar is of course smaller than in the last-named 
form. The Uinta genus thus presents a transitional stage between the carpus of the 
more typical artiodactyls and that characteristic of the Oreodontide, though the 
tendency towards the latter is already very distinct. 

The cuneiform differs more from the corresponding bone in Oreodon than does 
any of the other carpal elements. Indeed, the specimen which we have regarded as 
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the cuneiform of Protoreodon may possibly belong to some other genus, though this 
is not at all probable from the association in which it was found. It is much more 
extended transversely and less antero-posteriorly than in» Oreodon, as is also the 
scaphoid ; the ulnar facet is a simple groove which does not descend upon the outer 
side of the bone, thus agreeing with Oreodon and differihg very markedly from 
Dicotyles ; the pisiform facet is very large, nearly flat, and occupies the entire pos- 
terior surface; the unciform facet is likewise quite different from that of Oreodon in 
being shallow, of less antero-posterior and greater transverse extent. In general the 
cuneiform of Protoreodon is quite low and broad, with an /-shaped upper contour, 
highest on the internal or radial side and sloping down towards the external side. 
Neither trapezium nor trapezoid is represented in any of the specimens, but judging 
from the facets on the scaphoid, both of these bones were better developed than in 
Oreodon, implying a larger relative size of the lateral digits. 

The magnum, on the contrary, is smaller and of a somewhat different shape ; the 
proximal surface is divided nearly evenly between the facets for the scaphoid and lunar 
which meet at a high angle so as to form a sharp ridge along the superior median 
line. Seen from the side the upper contour of the magnum forms a flattened arch, 
whereas in Oreodon the magnum is quite low in front and rises abruptly behind, and 
nearly the whole of the proximal surface is taken up by the facet for the scaphoid. 
Another difference consists in the long hook-like process which in Protoreodon is 
given off from the posterior surface of the bone, and which in Oreodon is represented 
by a mere rudiment. When the bone is in its natural position the distal surface for 
me. 1 presents obliquely downwards and outwards, even more obliquely than in Ore- 
odon. As usual in unreduced artiodactyls there is a small. facet on the radial side of 
the magnum for me. 0. 

The unciform likewise presents some important differences from that of Oreodon. 
_In this genus the lunar and cuneiform facets are of very nearly equal size, while in 
Protoreodon the latter considerably exceeds the former, as naturally follows from the 
already-mentioned fact that the lunar rests less completely on the unciform than in 
Oreodon. The surface for the attachment of the cuneiform is less distinctly convex 
and extends more closely to the external side of the bone than in the Miocene forms. 
On the distal surface the facet for me. rv is smaller and that for me. v larger than in 
Oreodon, and the latter is more distal in position and less crowded to the external 
side by the increased development of mc. Iv than in Oreodon. This difference brings 
about a further one in the shape of the inferior contour, which is more regularly 
curved from side to side and not so distinctly angulated in Protoreodon. The lat- 
eral facet for me. 1 is of about the same proportions. 
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The metacarpals are but scantily represented in the collection, and only one of 
these exhibits the proximal end. Fortunately, however, this is the first metacarpal 
or pollex, the existence of which would naturally be inferred from its presence in 
Oreodon. There can no longer be any question as to the pentadactyl character of the 
fore foot in Oreodon, as two specimens of O. Culbertsonz, Colorado and Dakota, with 
the pollex in position, are preserved in the Princeton Museum, and in the Museum of 
Comparative Zoology there is a beautifully preserved manus of O. gracilis in 
which all five digits lie in their natural position in the matrix. In Protoreodon the 
first metacarpal is proportionately better developed, being both stouter and longer, 
than in Oreodon. Its proximal end has a nearly flat head for articulation with the 
trapezium. In none of the specimens of Oreodon mentioned have any phalanges 
been found in connection with me. 1, though the distal end is rounded and faintly 
keeled on the palmar side, indicating the probable existence of phalanges. Such 
were certainly present in Protoreodon, as is shown by a small proximal phalanx be- 
longing to the pollex. Its proximal facet is very oblique, sloping strongly outwards, 
and is but slightly concave. Its distal surface plainly shows the articulation for the 
ungual. The pollex, though of small size, was thus present in all its parts, and the 
importance of this fact as connecting the artiodactyls with the always pentadactyl 
Condylarthra is obvious. It seems almost certain that artiodactyls with unreduced 
anterior feet existed through the Bridger and Wasatch periods, though it is some- 
what surprising to find them persisting so late as the White River Miocene. 

The pelvis is not well preserved in any of the specimens. Several fragments 
seem to show that in construction it is essentially like that of Oreodon, and therefore 
rather suilline in character. The ilium has a long compressed peduncle which expands 
rather abruptly into a large terminal plate for articulation with the sacrum. There 
is no supra-acetabular fossa. The length of the ischium could not be ascertained. 

The femur would seem to be longer and stouter proportionately than in Oreo-. 
don. The rotular trochlea is very prominent and. quite narrow, and has the inner edge 
higher than the outer. A difference from Oreodon is shown in the presence of a fossa 
for the plantaris muscle instead of a rugose surface, though, as. Kowalevsky has 
shown, no great importance can be attached to this character. . 

The t#bca is only imperfectly represented ; some points may, however, be made 
out with regard to it. It is entirely unankylosed with any portion of the fibula, and 
has a stout shaft of transversely oval section below, above it is more trihedral. The 
distal end is very like that of Oreodon, with deeply incised grooves for the yee 
and a very well-developed malleolar process. ty 


The fibula is entire but very slender. Its distal end is siiaait «pple to a. 


Fed 
‘ 


THE MAMMALIA OF THE UINTA FORMATION. 499 


astragalus, forming a large external malleolus, and as in all artiodactyls rests upon 
the fibular facet of the caleaneum. 

The hind foot is very closely similar to that of Oreodon, even more so than is 
the fore foot. The astragalus is somewhat narrower in proportion to its height and 
the difference between the external and internal condyles in size is somewhat more 
marked. The internal condyle passes directly into the navicular facet, though inter- 
rupted by a slight prominence. The distal end is very unequally divided between 
the navicular and cuboidal facets, the former being much the larger; the difference is 
perhaps even» more marked than in Oreodon. These two genera agree thus with 
Anoplotherium and the Suina and differ from most ruminants in which the two facets 
are of more nearly equal extent. The calcaneal facets and those for the malleolar 
processes of the tibia and fibula resemble the corresponding parts in Oreodon, ex- 
cept that the distal calcaneal surface is larger. The caleaneum is much more slender 
than in Oreodon and is especially less expanded at the distal end. The fibular facet 
rises to a greater height and distally is more abruptly marked, and the interval 
between this facet and the distal end is considerably greater than in Oreodon. The 
sustentaculum projects further internally, though decidedly small, as in all oreodonts. 
The cuboidal facet is more arched and concave from before backwards, and narrower 
from side to side, while the distal astragalar surfuce is flatter and larger. In fact, 
the calcaneum differs from that of Oreodon more than does any other tarsal bone. 

The cuboid is higher and narrower than in Oreodon and the astragalar and cal- 
caneal facets more equal, though the latter is somewhat broader. In correspondence 
with the greater length of this part of the calcaneum, the cuboid is much more deeply 
incised by the calcaneal facet, and the anterior edge of the navicular surface rises 
high above it. The distal. surface of the cuboid displays the usual facets for the 
fourth and fifth metatarsals; the latter is larger and the former is smaller than in 
Oreodon and of somewhat different shape. Another difference from this genus con- 
sists in the greater extension of the hook-like projection from the rear of the cuboid. 
In fact the differences are so striking as to raise the suspicion that the specimen 
described belonged to some other genus, as unfortunately it was not associated with 
teeth. But from its correspondence with the caleaneum it very probably should be 
referred to Protoreodon, and its differences from the cuboid of ruminants and pigs 
are even more marked than from Oreodon. 

The nayicular is likewise higher and narrower than that of Oreodon, but other- 
wise resembles it very closely; its proximal surface is somewhat more deeply con- 
cave and its anterior edge rather more sinuous. Cope’s statements (No. 4, p. 510) 
with regard to the cunciforms of Oreodon, are in some respects inaccurate, and 
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require correction before we proceed to the comparison with Protorcodon. Cope’s 
description is as follows: “The ectocuneiform is distinct, and much wider than long. 
The mesocuneiform is extero-posterior in position, and the transverse diameters are 
small. It is produced distally overlapping the head of the second metatarsus. 
Entocuneiform wanting.” In reality the ecto- and mesocuneiforms are coossified, 
the line of junction between them being marked by a slight step, or difference of 
level on the distal surface, which indicates the two facets for the second and third 
metatarsals respectively, and what Prof. Cope has called the mesocuneiform is really 
the entocunciform. If Prof. Cope’s statements were correct, Oreodon would present 
the remarkable anomaly of having the ectocuneiform support two digits, while the 
mesocuneiform supports none at all, or in other words, having the second metatarsal © 
shifted outwards from its ordinary attachment. Besides this, the ectocuneiform per- 
sists with remarkable constancy in the ungulate series, and its absence in such an 
unreduced pes as that of Oreodon would be very extraordinary. But as we have 
seen, these anomalies do not exist. In Protoreodon almost exactly the same conditions 
are found as in the Miocene genus, only here the difference in height between the 
meso- and ectocuneiforms and consequently the distal step is more pronounced. ‘The 
entocuneiform is not preserved in any of the specimens, but the facets on the navicu- 
lar and second metatarsal show that it was shaped very much as in Oreodon. 

The metatarsals are four in number and entirely free; no trace of the hallux has 
been found, and in all probability none existed. The metatarsals are of more equal 
development than in Oreodon, the lateral ones being somewhat larger in proportion to 
the median, as would be inferred from the structure of the distal row of tarsals; in 
other respects they are closely alike. The second metatarsal has a somewhat lateral 
bearing on the ectocuneiform, and metatarsals 1m and Iv are closely interlocking. 
The ridge on the distal end of the metapodials is confined to the palmar surface. 

The phalanges also resemble those of Oreodon, those of the first row being long 
and depressed, those of the second row shorter and with the distal trochlea even less 
asymmetrical than that of Oreodon, showing a less degree of convergence of the 
-hoofs than in that genus, and hence very much less than in any of the recent artio- 
dactyls except the Tylopoda. The ungual phalanges are, as would be inferred from 
this, but slightly asymmetrical; they are higher, narrower, more pointed, and alto- 
gether more claw-like than in the Miocene members of the group, with the exception 
perhaps of Merychyus. i, 

The only clearly characterized species of Protoreodon is P. parvus 8. & Onn of 
which the type specimens are the skull and lower jaws figured on PI. I, Figs. 1 and 
2. This was a very small animal, inferior in size even to Oreodon gracilis, ‘The 


THE MAMMALIA OF THE UINTA FORMATION. 5OL 


measurements agree fairly well with those of the so-called Agriocherus pumilus 
Marsh, with which this species may prove to be identical. 
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Although the teeth preserved in the Princeton collection all belong to P. parvus, 
there are several limb and foot. bones which exceed those of the type species so 
greatly in size, that they very probably belong to a larger species. They differ, 
however, only in size and must unquestionably be referred to the same genus. Size 
alone is not a very satisfactory criterion, but it seems unlikely that such differences 
can be within the limits of mere sexual or individual variation. The following 
measurements will show the size of these larger specimens of Protoreodon as com- 
pared with that of Oreodon Culbertson. 
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Systematic Position and Relationships of Protoreodon. 


_It will be obvious from the foregoing description that Protoreodon is very closely 
allied to the White River genus Oreodon, and may safely be regarded as the ancestor of 
that genus. This relationship is made clear by a comparison of the skull, the teeth and 
the feet, where the differences which Protoreodon exhibits from its Miocene successor 
are just these tendencies towards the simplification that we should naturally expect to 
find in the ancestral type. More particularly the presence of the fifth cusp in the 
upper molars is a welcome indication of the connection between the oreodonts and 
the buno-selenodonts of the earlier Hocene. On the other hand, Protoreodon has 
many points of resemblance to Agriochwrus, which are somewhat as follows: (1) The 
shape of the cranium and the remarkable elongation of its posterior portion; (2) the 

A. P. S.—VOL. XVI. 3L. 


502 THE MAMMALIA OF THE UINTA FORMATION. 


open orbit and probable absence of the lachrymal depression; (3) the position and 
shape of the posterior nares; (4) the position of the infraorbital foramen; (5) the 
character of the anterior premolars; (6) the character of the lower molars and of the 
internal part of the upper. These differences of importance separate Agriochcrus 
from Protoreodon, namely, that in the former there are considerable diastemata in both 
upper and lower jaws, that the last premolar has assumed more or less completely the 
pattern of the molars, and that the outer crescents of the upper molars are over- 
hanging. 

Can Protoreodon then be regarded as the common ancestor of both sections of 
the Miocene family, the Oreodontine and the Agriochewrinw ? As to the derivation of 
the former subfamily from this genus there seems to be no reasonable doubt; its rela- 
tions to the second are more obscure. If we accept Schlosser’s view that a closed 
dental series is always secondary, and a sign “ dass der betreffende Stamm am End- 
ziel seiner Entwicklung angelangt ist, wenigstens finden wir diesen Zustand, nur bei 
solchen Formenreihen, welche gerade im Aussterben begriffen sind ” (No. 13, p. 46), 
it is clear that Agriocherus, with its diastemata, cannot be derived from Protoreodon. 
But even if this principle be generally true, it is not without exceptions, as the long 
persistence of the oreodonts themselves demonstrates, and the diastemata are, there- 
fore, of themselves insufficient to decide the question. A more important difficulty 
is the constitution of the outer crescents of the upper molars, which in the known 
species of Protoreodon have commenced to assume the flattened shape characteristic 
of Oreodon. The Uinta genus therefore stands very near to the common ancestor of 
Oreodon and Agriocherus, but seems itself not to be that ancestor, at least so far as 
we may judge from the teeth of P. parvus ; it is quite possible that another seas 
of the same genus may stand in the same relation to Agriocherus. | 

The forerunner in the Bridger fauna of Protoreodon would seem to be Helohyus 
Marsh, known as yet only from the teeth. In this genus the upper molars have five 
cusps, the unpaired one in the anterior half of the tooth, which are of a pyramidal 
shape, and refer the genus to the generalized group of buno-selenodonts, which is | 
represented by the Eocene hyopotamids of Europe. If more perfect specimens shall 
confirm this supposed connection between Helohyus and Protoreodon, it will demon- 
strate the connection of the Oreodontide with the Anthracotheride, which has been 
already often surmised. With regard to the connection of the former group with the 
Tylopoda, we have seen in considering Leptotragulus that the relationship is proba- 
bly a very remote one, and that the T'ylopoda seem to pass backwards into the Dich- 
obunide, from which Schlosser derives the typical ruminants and the Tragulina. ae: 

In his later papers (No. 5, p. 384) Prof. Cope has included Protoreodon among 
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the Xiphodontide on account of the presence of the fifth cusp in the anterior half of 
the upper molars. This arrangement is, however, quite untenable, as this unpaired 
cusp is common to the great majority of the selenodonts and even the bunodonts of 
the Eocene. On the other hand, the peculiar structure of the premolars in Xépho- 
don, the caniniform premolar of Protoreodon, and the entirely divergent structure 
of the feet in the two genera, show that their relationship to each other can only be 
a remote one, and that any association of them in a single family must be arbitrary. 
This is especially the case when we consider the obviously close relationship between 
the Oreodontide and Protoreodon, which is recognized in Cope’s scheme (1. ¢., p. 387). 
If the presence of the fifth cusp be looked upon as a family character, then it will be 
necessary to form a new family, the Protoreodontide, for the reception of this genus. 
But this seems to be unnecessary, and a more natural method would be to regard the 
Uinta type as forming a subfamily of the Oreodontide, characterized by the five-lobed 
upper molars, and in other respects combining the features of the Miocene subfami- 
lies, the Oreodontine and the Agriocherine. This last fact is of particular import- 
ance, as it proves the connection between -Agriochewrus and the true oreodonts, and 
shows that Cope’s reference (J. ¢., p. 388) of this genus to the Dichodontide, on account 
of the complication of the last premolars, does not represent the natural arrangement. 
Whether we adopt Leidy’s view, that Agriochwrus is the type of a distinct family, or 
with Gill regard it as representing a subfamily of the Oreodontida, is a matter of 
comparatively little importance ; the essential fact being the close genetic connection 
of the two. 
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Part III. 


BY HENRY FAIRFIELD OSBORN. 


THE PERISSODACTYLA. 


It is necessary to open this section with some observations upon the synonymy 
of the Eocene Perissodactyla. With the assistance of Prof. Marsh, the writer 
recently examined the types in the Yale College collection, in comparison with those 
at Princeton. The result shows that the entire nomenclature of these genera is in 
utter confusion, arising from the attempts which have been made by others to work 
from the brief descriptions given by Prof. Marsh and without the aid of figures. 
This confusion extends through all the American and foreign literature which relates 
to the American Hocene fauna, and invalidates a great deal of otherwise very useful 
work. 

The synonymy of Helaletes (Marsh) is Dilophodon (Scott) and Desmatotherium 
(Scott). Zophiodon nanus (Marsh) also belongs to this genus. H. latidens (nobis) 
must be separated from it. It was originally distinguished from Hyrachyus by the 
presence of a third lobe on the last lower molar; this lobe is very small and forms 
the only distinction between the type and the mandibular dentition of Dzlophodon 
minusculus. The maxillary dentition is precisely like that of Hyrachyus, except in 
point of size and in the presence of two internal lobes upon the third and fourth pre- 
molars. The latter feature was given by us as the generic distinction of Desmato- 
thertum. The dental structure (excepting only the rudimental third lobe) and the 
tarsal characters remove it entirely from the tapir series, and relate it to Zrzplopus, 
from which, however, it is probably generically distinct. Colonoceras has precisely 
the dentition of Hyrachyus agrarius Leidy. The rudimental horn cores upon the 
nasuls may serve as a generic distinction, although, in the very limited knowledge 
we have of the nasals of Hyrachyus, this character is not altogether satisfactory. 
Limnohyus is a nomen nudum, having been applied to a type already preoccupied by 
Paleosyops. Prof. Marsh will apply a new generic name to his LZ. lateceps. 

The primitive horses are in much confusion, Hohippus* (Marsh) is a synonym 


* Am. Jour. Sci. and Arts, Nov., 1876, p. 401. 


506 THE MAMMALIA OF THE UINTA FORMATION. 


of Hyracotherium (Owen). Orotherium* (= Lophiotherium) was based upon a good 
type lower jaw; it has the last lower premolar like the molars ; it is identical with 
and precedes Orohippus,t} which was founded upon an uncharacteristic type (O. pu- 
milus, a number of loose upper molars), and was not fully defined until later upon 
the discovery of O. agilis. Both genera are, however, synonymous with Pliolophus 
Owen, which is defined by the last premolar being like the molars. The species, O. 
agilis, is however founded upon a type in which the third and fourth upper premolars 
have two internal lobes ; it thus falls within the definition of Hpihippus.{ Hpihippus 
is thus in turn close to Anchilophus, but may be distinguished from it by the more 
depressed crests and less complete union of the para- and metaconules into transverse 
crests. Then follows Mesohippus with three premolars like the molars, and crests 
like those of Anchilophus. 

There is a remarkable parallelism in the assumption of the molar pattern by the 
premolars in all the perisscdactyl series. We can almost predicate of any Wasatch 
genus, fourth premolar unlike the molars; of any Bridger genus, fourth premolar 
like the molars; of any Uinta genus, third and fourth premolars like the molars ; of 
any White River genus, second to fourth premolars like the molars. 


PERISSODACTYLA. 
AMYNODON. 


Numerous errors have found their way into the descriptions of the skull and 
dentition of this genus which require correction before its affinities can be discussed. 
There are now three skulls known which may be referred to three species. First, the 
type Amynodon advenus Marsh, from the Uinta beds; second, the type of A. (Ortho- 
cynodon) antiquus, nobis, from the Washakie beds ; third, the type of A. intermedius, 
spec. noy., from the Uinta. | —_ 
Prof. Marsh’s description of the type is as follows :§ “The skull is intermediate 
in form between that of a tapir and a rhinoceros, but the molar teeth are entirely of 
the latter type. The premolars are all unlike the molars, and the canines above and 
below are very large. The incisors are small and the inner one in each jaw is lost in 
the present adult animal. The lower canines are placed nearly horizontal, and, taken 
in connection with the rest of the anterior dentition, they prove conclusively that the 
large lower teeth usually regarded as incisors in Aceratherium * * * are really 
canines.” The number of digits is stated to be 4-3. This description is erroneous 
* Am. Jour. Sci. and Arts, Sept., 1872, p. 217. 
+ Op. cit., proposed Sept., 1872 ; defined May, 1873. 


t Introd. and Succession of Vert., etc., Aug., 1877, p. 28. 
§ Am. Jour. Sci. and Arts, Third Ser., Vol. XIV, p. 251. 
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in most of the particulars, partly owing to the fact that it was drawn up before the 
type specimen had been removed from the matrix and put together, and in this way, 
even after examining the type ourselves, as Prof. Marsh kindly allowed us to do, we 
were formerly led to consider the Bridger species as a distinct genus ( Orthocynodon). 

A second examination of the type specimen recently made brings out several 
important diagnostic characters in addition to those already noted in our preliminary 
bulletin, p. 262. There are three lower and probably three upper incisors; the first 
lower premolar is wanting. The canines are erect. There are rugose postorbital, 
antorbital and infraorbital processes. The nasals are very short and slightly over- 
hang the anterior nares. The type of A. antiquus is still found to resemble that of 
A, advenus closely, with the important exception that there are four lower premolars 
instead of three, the first lower premolar being fully functional and bifanged ; the 
first upper premolar is missing. It may subsequently be found to represent a distinct 
genus as we at first supposed, for which the original name Orthocynodon would stand. 
The A. intermedius, besides its much larger size, may be clearly distinguished from 
the two foregoing by the procumbent position of the canines and by the retention of 
a single fanged first upper premolar. 

These and other characteristics throw a new light upon the phylogenetic position 
of the Amynodontide, which will be discussed later. 


AMYNODONTIDA 8S. .& 0.* 


Rhinoceros-like animals extending from the Middle Eocene to Lower Miocene ; 
skull deeply excavated in front of orbit; incisor border very broad ; nasals short and 
hornless; canines and incisors present and functional in both jaws; pattern of the 
molars like that of the rhinoceros except for the non-reduction of the external crest 
of the third upper molar; probably four toes in front and three behind ; sy 
astragalus rests upon the cuboid as in the rhinoceros. 

This definition is considerably modified from that previously given by the writers, 
in order to embrace the Miocene genus. 

The genera embraced in this family are: 


Lower Miocene (White River). 
Merramynopon,+ nobis. Dentition, i. “%, ¢. 1, pm. 3, m. 3. Upper and lower 
canines obliquely placed, the latter fitting somewhat internal to the former when the 


* E. M. Museum Bulletin, No. 3, 1883, p. 4. 
+ Bulletin of the Museum of Comparative Zodlogy, Sept., 1887, p. 165. 
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jaw is closed. The second, third.and fourth upper premolars of the molar pattern. 
Postglenoid and posttympanic processes widely united. Periotic not exposed. 


Upper Hocene ( Uinta). 


AmyNnopon* Marsh. Dentition, i. *3, ¢. 4, pm. #3, m.% Upper and lower 
canines erect or obliquely placed. The third and fourth premolars of the molar pat- 
tern. Postglenoid and posttympanic processes separated. Digits: 4-3 (Marsh). 

A. ADVENUS Marsh. Premolars #. Number of upper incisors uncertain. Up- 
per canines obliquely placed, lower canines erect. 

A. INTERMEDIUS, spec. noy. Premolars 4; first upper premolar rudimentary and 
single fanged. Canines in both jaws very large, semi-procumbent, oval in section. 
Three functional upper incisors. 


Middle Eocene ( Washakie). 


A. (ORTHOCYNODON) ANTIQUUS, nobis. Premolars 't; first upper premolar bi- 
fanged. Canines in both jaws vertical, triangular in section. Number of upper and 
lower incisors uncertain. Mastoid portion of periotic exposed. 


AMYNODON INTERMEDIUS. 


PLATE X, 


This species is represented by the base of the anterior portion of a skull (No. 
10,309) in beautiful preservation, showing the complete characters of the teeth, the 
palate, the position of the orbit and the lower portion of the premaxillaries. The four 
canines and an upper molar of another individual are preserved. Part of the lower 
jaw and a premolar of a third, and the mandibular symphysis of a fourth. There are 
also numerous skeletal fragments, which however cannot be referred to Amynodon 
with any certainty. 

Dentition (Figs. 10, 10a). The three incisors are equidistant; the median one 
is slightly larger than the lateral and is placed about as far from the premaxillary 
suture as the lateral incisor is from the canine. The crowns are pointed, convex on 
the anterior and posterior faces, and slightly compressed laterally. The canines are 
very powerful, with lance-shaped crowns and a decidedly flattened oval, quite unlike 
the trihedral crowns in A. antiquus; they project forward at angle of forty-five de- 
grees, and slightly outwards; the fangs are powerful and deeply rooted beneath the 
first premolar. ‘There is a considerable diastema. 


* Am. Jour. Sci. and Arts, Sept., 1877, p. 251. 
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The first premolar is represented merely by the fang, which is rudimentary 
on one side. The second premolar has a slight swelling on the outer face which 
anticipates the postero-external lobe; there is a single prominent internal cusp united 
by two low subequal ridges with the external crest; surrounding the inner lobe is 
the prominent cingulum which also characterizes all the succeeding molars. The 
third and fourth premolars are interesting as showing a mode of development of the 
posterior crests quite unlike that in the tapir or Equus series ; there is as yet no redupli- 
cation of the internal lobe as in the latter series, but the posterior crest grows directly 
out from the bilobate external crest in the valley formed by the prominent cingulum 
and the much broader and more elevated anterior crest ; these two teeth are practi- 
cally similar and submolariform, except that the third premolar has a less distinct 
posterior lobe and crest. 

The first true molar is very similar to that in Aceratherium; the anterior crest 
has a slightly marked “anticrochet” which is entirely wanting in m.’ and m.’; the 
external crest is perfectly flat and decidedly inclined inwards. The second molar has 
the same characters with a very decided extension of the external crest beyond the 
posterior transverse crest. In the third molar the external crest arches out widely 
beyond the posterior crest ; the base of the crown is subquadrate in outline. 


Measurements. 


A. antiquus. A. intermedius. Metamynodon planifrons. 


M. MM. NM. 
Antero-posterior diameter of median lower incisor..... .011 (upper do.) .012 
Fore and aft diameter of crown of lower canine at base. .015 (upper do.) .031 035 
Upper jaw. 
Fore and aft diameter of third premolar............... .019 .021 
Length of entire molar series....... Marcidalale sfesjese oleae : 187 220 
es Boma TUG eOOUAES ot a 'cfetciclate's ih Suc. Jo con pnOneaen . .104 .160 
Fore and aft diameter first molar. ..............e006 ho aleyy 044 .047 
Transverse a se s Sorsrace ciarers sis else's o's 037 048 .068 
Fore and aft diameter, second molar.....ceccseceecses 045 .053 
Transverse - es SGM eatera ciel eieioie oleic e1cunis!« .037 .052 
Fore and aft diameter, third molar.......... ABRAGe ooo Ale: .046 4 .060 
Transverse ss ae Ra, get it eee seeanr .030 .046 .064 
Measurement of canines, outside ..... oiererareis cia lecatara mist ale 115 130 


The skull. The most striking features of the skull are at once seen to be the 
great breadth of the maxillaries opposite the canines and their deep excavation 
between the canines and the antorbital ridge; the snout is thus broader than the 

A. P. S.—VOL. XVI. 3M. 
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anterior premolar region. The anterior nares were apparently widely open. The 
premaxillaries are rather nar- 
row above and spread inferiorly, 


rounding and arching forwards into 


Swope 


ae 


oe the broad incisive border; the rela- 
Sq tions of these bones in Metamynodon 
“" indicate that they had a deep area of 
union in front, contrasting strongly 


Dirac. 2.—Amynodon intermedius. Side view of the anterior por- with the separate slender premaxille 


1 


tion of the skull. x 4. of Aceralherium. The malar pro- 
jects widely below the orbit which is immediately above the second molar and the 
maxillaries are deeply depressed and incurved in front of the antorbital ridge. 

The upper and posterior regions of the skull are entirely wanting in this speci- 
men, and have been fully described in the HE. M. Museum Bulletin upon the skull of 
A, ( Orthocynodon) antiquus. 


The Lelations of the Amynodontide. 


The Washakie species, both in structure and time, is the most primitive form, as 
indicated by the complete dentition and the perfectly erect position of the canines. 
Then follows the A. advenus from the Uinta with small erect canines and the reduc- 
tion of one premolar, otherwise very similar in size and dentition to the foregoing. 
The A. intermedius, while retaining the rudiments of the first premolar, which were 
probably lost in fully adult specimens, shows a very decided transition towards Me- 
tamynodon in the enlargement, shape and procumbent position of the canines, also in 
the broadening of the snout and compression of the antorbital region. It is sing- 
ular to note how little progress the premolars of Metamynodon show ; the second pre- 
molar is like the third, but in none are the posterior crests very prominent. 

Phylogenetic Position of Amynodon. 


The discovery of Amynodon, with its full complement of teeth and markedly 
rhinocerotic molar pattern, naturally led Prof. Marsh to suppose he had found the 
long-sought Eocene representative of the true rhinoceroses.* This opinion has been 
adopted by every one. But the discovery of Metamynodon, which is certainly far from 
the rhinoceros line and is an undoubted successor to these Eocene forms, directs atten- 
tion toa number of developmental features which suggest an entirely distinct supposi- 


* Introduction and Succession of Vertebrate Life in America, p. 80. = a 


, 
Os 
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tion, viz., that this is another line of pseudo-rhinoceroses parallel to the Zyracodon- 
tide. For while the molar dentition and perhaps also the lower canines point 
directly to Aceratherium, the development of the other teeth and many characters of 
the skull are very diverse. Prof. Cope* presents a third alternative in deriving 
Hyracodon from Amynodon, placing these genera in one family, and not placing 
the latter in the Aceratherium (Canopus) series at all. 

The features which unite the known Amynodontide with the aceratherine line 
are: (1) The structure of the lower molars and of the superior molars to the 
second. molar inclusive; (2) the structure of the astragalus, in extending upon the 
cuboid. The distinguishing features of the Amynodontide are: (1) The retention 
of fully functional incisors in both jaws, and the great enlargement of the canines ; 
(2) the retention of the lophiodont character of the last upper molar in its subquad- 
rate form and complete external crest; (3) the retarded development of the posterior 
crests of the superior premolars ; (4) the deep excavation of the maxillaries in front 
of the orbit and flattening of the cranium, together with the shortening of the nasals. 

In Aceratherium, on the other hand, from the lowest American Miocene, we find 
the upper canines entirely wanting, also one of the incisors; the premaxillaries are 
narrow and weak, and support two subequal incisors. In the lower jaw are the large 
lateral teeth and small median pair, of very doubtful homology. Upon the discovery 
of Amynodon, Prof. Marsh suggested that the outermost lower tooth of -Acera- 
therium was a canine, instead of an incisor as previously supposed, but there is little 
additional basis for this opinion. -A. occidentale has, moreover, long nasals and con- 
vex maxillaries. In fact, excepting in the molar series we find no support for the 
supposition that Aceratherium is a descendant of any known species of Amynodon. 
The resemblance of Hyracodon to LHyrachyus, of Mesohippus to Hyracotheriwn, of 
Titanotherium to Paleosyops is altogether of a different character, and in each case 
is relatively far more significant of direct descent. 

So far as Prof. Cope’s suggestion of the descent of Hyracodon from Amynodon 
is concerned, the following objections may be made: (1) The dentition and osteology 
of Hyrachyus fill in every respect the conditions which we should expect to find in 
an ancestral form of Hyracodon, both in the displacement and reduction of the foot 
bones and characters of the teeth; (2) a wide difference between the aceratherine 
and hyracodon series is found in the structure of the carpus and tarsus. The posi- 
tion of the Amynodontide it appears turns upon these parts. An astragalus found 
near the skull of A. antiquus (see Diag. 12) resembles closely that of Aceratheriwm 
in its broad cuboidal facet. If, in addition, as we think highly probable, Amynodon 

* The Perissodactyla. Am. Nat., 1887, p. 999. 
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is found to possess four toes in the manus, the series can be readily placed interme- 
diate between Hyracodon and the rhinoceroses; (3) these genera have in common 
a complete incisor series, but in contrast with Amynodon, Hyracodon shows a decided 
degeneration of the canines ; (4) the molars of Hyracodon, while imitating those of 
the rhinoceros, entirely lack the peculiar proportions and inclinations of the external 
and transverse crests, which are so distinctly rhinocerotic in Amynodon. 

The difficulties which have been indicated in any attempt to derive the rhinoceros 
from any known species of Amynodon do not preclude this derivation from some 
member of the Amynodontide ; the point insisted upon here is, that such a member 
has not yet been discovered; secondly, that the later Amynodontide represent a dis- 
tinet line of pseudo-rhinoceroses, probably intermediate between the true line and the 
Fyracodon series. ‘They approach the true rhinoceros in part of their tooth structure 
and probably in the foot structure, and the latter series in the remainder of the den- 


tal structure. 


DIPLACODON Marsh. 


As observed by Marsh at the time this genus was established,* Diplacodon is 
intermediate between the Bridger genus Paleosyops and the Lower Miocene Titano- 
therude. Nothing is known of the skull, the type consisting merely of the palate 
and complete maxillary dental series. Unlike the Bridger genera the fourth premo- 
lar is like the molars and the second and third premolars are developing the second 
internal cusp, and in process of assuming the molar pattern. We may anticipate 
that the skull will show the initial development of the great horns of Zitanotherium. 
The numerous remains of the skeleton in the Princeton collection enable us to fully 
confirm the relationship suggested by Marsh. The skeleton is in every detail inter- 
mediate between that of Paleosyops. and Titanothertum, and presents a remarkable 
intermingling of characters persisting from its smaller Bridger progenitors and antici- 
pating its great Miocene successor. Allowing for a moderate elongation of the dor- 
sal spines, Dplacodon stood about five feet seven inches at the shoulder, while Pale- 
osyops stood a little less than four feet, and Titanotherium considerably over seyen 
feet. The metapodials retained the stilted spreading character seen in Palewosyops ; 
much longer than in this genus and less bulky than in Zvtanother‘um. On the other 
hand the cervical vertebree in some species are much flattened, indicating a short neck 
similar to that in the Miocene genus. The detailed comparative measurements given 
below are taken from a Palwosyops species of the middle size, probably P. palu- 
dosus ; the measurements of Diplacodon are mostly from a skeleton belonging to a 


* Am, Jour, Sci. and Arts, March, 1875, p. 246. ; eo MT - 
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single individual ; the 7%tanotherium measurements are approximate from specimens 
which we have referred to Z. proutii. 

It is remarkable that the comparatively small genus Palwosyops anticipates in 
so many features the gigantic Miocene genus. The foot structure in almost every 
detail is persistent, this being the only line of Perissodactyla known in which there 
is no reduction of the fifth digit. Then we find in Palwosyops, as shown in the dia- 
grams, every tarsal articular facet reproduced in the later genus. The neck, in some 
species at least,* undergoes considerable change in proportion, but the dorsal spines 
of the Hocene genus are decidedly elongate and anticipate the great hump of Z’tan- 
othercum. The skull undergoes an entire remodeling, consisting principally in the 
elevation of the occiput, this being correlated with the elongation of the dorsal ver- 
tebral spines and development of a powerful ligamentum nuche to support the nasal 
horns. The earlier species of Zvtanotherium, T. (Megaceratops) coloradense, for exam- 
ple, retain the long nasals overhanging the premaxillaries which are so characteristic 
of Paleosyops. A feature common to the three genera is the prominence of the lesser 
trochanter. 7 

In addition to the features already mentioned as distinguishing the Miocene 
and Uinta genera from their Eocene ally, we notice the prominent and recurved del- 
toid hook of the humerus ; the eversion of the major axes of the innominate bones, 
with the marked expansion of the suprailiac border. In the manus and pes, while 
the facets remain the same, the proportions of the different elements are much altered, 
as pointed out in a later section. In the pelvis and tarsus, however, as already stated, 
Diplacodon stands nearer the older than the more recent form. 

In the Washakie beds is found a large species, about the same size as P. valli- 
dens Cope, which is provisionally referred to Paleosyops (P. hyognathus, spec. nov., 
Princeton collection, No. 10,273). This is represented by a lower jaw seven-eighths 
as large as the type mandible of Diplacodon. As in the latter, the incisors form a 
close procumbent series; the tips forming a gently arched line when seen from above. 
The symphysis is extremely long (11 cm.) and shallow ; the canines are rather small 
and semi-procumbent. ‘The molar-premolar series measures 24.5 em., the Jast molar 
measures 6.5 cm., the transverse measurement outside of the canines is 9.6 cm. ; in 
Diplacodon elatus the same measurement is 10cm. Unfortunately the premolar 
crowns are broken; it is probable that one or two of the premolars will be found to 
be like the molars. The characters of the chin and symphysis are significant of close 
relationship to Diplacodon elatus. 


*In Prof, Marsh’s collection there are some cervical vertebre referred to Diplacodon which have about the same 


proportional length as in Pulaosyops. 
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It is not possible to determine the species to which our skeletal remains of Dip- 
lacodon belong, as we have but a portion of a single upper molar. They may be 
referred to D. elatus. Palcosyops has hitherto been referred to the Chalicotherude, 
but the discovery of the foot bones of Chalicotherium by Filhol shows that the genera 
are widely separated. The discovery of the skeleton of Diplacodon, however, links 
Paleosyops very closely to Titanotherium, and the differences between these three 
genera are principally in three characters, viz., the assumption of the molar pattern 
by the premolars, the development of frontal horns, and the loss of the incisor teeth. 
If these characters are given a family rank we cannot decide where to place Diplaco- 
don. It seems best to group the three genera in the single family Zvtanotherude.* 


DIPLACODON ELATUS. 


Generic characters. Deutition, fourth and third upper premolars like the 
molars. Last upper molar with single internal cone. Digits 4-3. 

Specific characters. Second upper premolar with a rudimentary postero-internal 
cusp, like the molars. 

As above stated, the specific reference of these specimens is uncertain. The cer- 
vical vertebree are much shorter than those associated with the Yale College speci- 
mens. It is probable that they represent a distinct species. 


THE SKELETON. 
PuatTe VIII. 


Cervicals. The axis (No. 10,396), Fig. 15, has a broad spine overhanging 
the postzygapophysis. ‘he laminz are very slightly notched. The postzy gapophy- 
ses are an elongate oval. The transverse processes are hooked, turning inwards at 
the tip and perforated at the base. The centrum presents a sharp inferior keel. The 
remaining cervicals and dorsals belong to a single individual (No. 10,396). The 
cervicals preserved are probably the 3d, 4th, 5th and 6th. The 5th is the most com- 
plete (Fig. 1) ; the spine is pointed, vertically placed and grooved posteriorly ; the 
zy gapophyses are very stout with the facets placed at angles of 45°; the vertical 
diameter of the centra is much greater than the transverse; they are aie strongly 
opisthoccelous; the transverse processes do not extend below the level of the 
centrum. arf 


The centra of seven dorsals are preserved. The one figured is between the 


* This generic and family name has been adopted by the writer because Menodus Pomel is found to be preoticupied 
by Menodon y. Meyer, and Titanotherium Leidy must supersede it. 193 
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7th and 10th (Fig. 2). The centrum is opisthoccelous and considerably excavated at 
the sides ; the antero-posterior and transverse diameters are about the same; the 
lower half of the spine is preserved, it is a stout triangle in section indicating a great 
length and strongly oblique inclination; the zygapophyses are almost horizontal. One 
of the lumbar centra preserved is considerably longer than the above-described 
dorsal, and has a stout keel; the spine is broad (Fig. 4) and grooved posteriorly ; 
the zygapophyses are rounded and vertically placed. 

_ These vertebral characters closely repeat those observed in Palcwosyops, except 
that the cervical centra, while nearly double in height and breadth, are only a trifle 
longer. In Zitanotherium the cervicals are not further shortened, but retain the pro- 
portions seen in Diplacodon ; they are, if anything, somewhat longer. The dorsal 
spines are still more elongate, forming a great hump which was incipient in Palwo- 
syops and probably well developed in Deplacodon. 

T'wo ribs are preserved which belong respectively in the anterior and middle 
region of the chest. They are much lighter and more rounded than in Zitanotherium. 
The complete rib from the midregion has a subquadrate section in the upper third of 
the shaft, and an oval section in the lower third ; it does not show the extreme flat- 
tened oval seen in Titanotherium ; the length, not allowing for curvature, is 71 cm., 
showing that the depth of the chest was about thirty inches. 


Pratt IX. 


Scapula (Fig. 12). Both scapule are preserved, but the superior and lateral 
borders are incomplete. The coracoid process is a stout tuberosity. The glenoid 
fossa is an elongate and rather shallow oval. The spine ascends very gradually from 
the neck and passes without an acromial process into a deep recurved ridge; ina 
midsection the spine is much expanded along the border and overhangs the post- 
scapular fossa. The parts preserved indicate that the scapula was lofty, with a 
rounded suprascapular border unlike the somewhat angular border of Z%tanothertum 
and without any distinct indentations such as are seen in /?hinoceros. 

Humerus (Figs. 11 and 11a). The humerus lacks the head, lesser tuberosity 
and bicipital groove. There is a stout deltoid ridge terminating in a prominent re- 
curved hook. The shaft is twisted upon itself as in Rhinoceros, that is the major 
diameter passes obliquely from the outer posterior to the inner anterior side. The 
supinator ridge is less distinctly marked than in Rhinoceros and less prominent than 
in Titanotherium. The pronator ridge is also rugose but not projecting. The supra- 
trochlear fossa is deeply excavated and the trochlear surfaces are somewhat oblique 
to the main axis of the shaft. — 
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Ulna and radius (Fig. 13). These bones are complete, and taken together indi- 
cate a rather long and slender forearm. The proximal portion of the radius covers 
the entire ulna, and the shaft crosses to the ental side. The relative diameters of the 
distal facets are about as five to two. The ulna has a very stout rugose olecranon ; 
the posterior border presents a single concave curvature to the. distal extremity ; the 
midsection of the shaft is triangular with a deep groove upon the anterior face. The 
radius in midsection of the shaft is suboval anteriorly and flattened posteriorly ; 
the facet for the ental condyle of the humerus has the same transverse, but much 
deeper antero-posterior diameter than that for the ectal. 

The Manus. The carpus is entirely wanting. The metacarpus-and a few of the 
phalanges are preserved. They show a high stilted tetradactyl metapodium of the 
“digitigrade” type, that is, with the phalanges resting entirely upon the ground. 
The distinctive feature of the foot is seen in the subequal size of the second and fifth 
digits, which brings the working median axis between the third and fourth digits 
instead of through the middle of the third. The carpus was thus undoubtedly of the 
type intermediate between Palewosyops and Titanotherium as restored in outline. The 
second metacarpal has proximally (Fig. 130) a pear-shaped facet for the trapezoid, 
a magnum facet extending to its full depth ; it also overlaps me. ur. The third meta- 
carpal has a subquadrate magnum facet and triangular unciform facet, overlapping 
me. Iv by separate antcrior and posterior facets. The fourth metacarpal has a corre- 
sponding me. ur facet; the unciform facet is fractured posteriorly. The fractured 
proximal portion of mc. v shows a narrow concave unciform facet and a lateral facet 
forme. Iv. The keels are entirely confined to the posterior surface, as shown in a 
distal view of me. 11 (Fig. 13a). The measurements are as follows: Length, me. 
m—18 cm., me. v—13 em. Depth of proximal facets, me. m—83.5 em., me. 
m—3.3em. Breadth of distal. facets, me. uI—4 cm, me. v—3.4 em., me. 
m—3.4 em. 

The pelvis (No. 10,393). The marked characteristics of the pelvis are the great 
length of the ossa-innominata as compared with their breadth. The accompanying 
restoration of the pelvis, as viewed from above, shows the parts which are preserved 
in Diplacodon in comparison with the pelves of Z%tanotherium and Paleosyops. The 
ilia do not expand immediately above the acetabula as in the Miocene genus, but 
there is a long and rather slender neck as in Palwosyops, beyond which they expand. 
The acetabular border presents a short sharp curvature, and is relatively much shorter 
than in Paleosyops ; the ischial border (7b.) is much longer, with a gradual curya- 
ture. It follows that the suprailiac border apparently presented outwards more than 


hs ha 


directly upwards and forwards as in Palewosyops ae Titanotherium—a result of t] ie: 


tee 
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unequal growth of the acetabular and ischial borders. The acetabular rim is much 
fractured ; from its upper border a ridge (the pubic border) extends beneath the 
ilium, parallel with the ischial border to the sacral surface. Below the acetabulum 
the ischium has a triangular section; it then expands in a plane directly perpen- 
dicular to that of the ilium. There are no remains of the pubes. 


—— 


~ 


Dirac. 3. Drag. 4. Draa. 5. 


Posterior view of the pelvis of (8) Palwosyops * 7;, of (4) Duplacodon x #y, of (5) Titanotherium X y. 
Jl, lium ; Js, ischium ; P, pubis ; s¢, 2b, ab, borders of the ilium ; a, acetabulum ; ef, obturator foramen. 


The femur. This bone is represented by the somewhat crushed shaft (No. 
10,395), and a well-preserved distal half apparently belonging to individuals of the 
same size, both belonging to the left side; they are combined in Fig. 5. The head 
and great trochanter of the former specimen are wanting. The lesser trochanter is 
represented by the base of a stout ridge, which indicates that it was much more 
prominent than in Rhinoceros. The third trochanter, judging by the base, was still 
more prominent and strongly curved forwards. It stood higher upon the shaft than 
in Rhinoceros. The lower portion of the shaft with the facets are very similar to 
those of the Rhinoceros, except that the patellar trochlea is longer and more deeply 
excayated; the condylar facets have a greater fore and aft extension, and the inter- 
condylar notch is deeper. 

__- Another specimen in which the head and great trochanter are preserved shows 
that the head was well out of the line of the shaft, with a deep pit for the round liga- 
ment. The great trochanter, stands upon the level of the head. 

The tb¢a (No. 10,395) is about five-sevenths the length of the femur (Fig. 6), The 
cnemial crest is moderately prominent. There is the usual triangular section of the 
shaft just below the crest passing into an oval section in the lower third. The prox- 

A. P. 8S. —VOL. XVI. 3N. 
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imal and distal faces are too much worn to admit of description. Another specimen 
(Fig. 6a) shows a prominent internal malleolus and strong spine. 

The tarsus (Figs. 8-8)). The well-preserved astragalus and calcaneum are of 
great interest. Their relations to those of Paleosyops and Titanotherium are fully 
discussed in the next section. The principal features of the caleaneum are the 
extremely narrow, deep and elongate tuber calcis, which has an unusually flattened sec- 
tion; there is also a distinct fibular facet, and the caleaneum also forms part of the 
tibial trochlea. The three astragalar facets, the ectal, sustentacular and inferior, are 
entirely distinct. The astragalus rests upon over one-third of the upper surface 
of the cuboid. These elements of the ankle joint indicate that Diplacodon was of 
much less bulky proportions than Zitanothervum. 


Comparative Measurements of the Skeleton, in Om. 


Paleosyops. Diplacodon. Titanotherium. 
(?) Fifth cervical vertebra, antero-posterior ..........+es0 3.2 4 6.5 
KS a <3 tYANSVETRC.sseasivs tele sacs + ats 0 4.2 6.7 9 
(?) Ninth dorsal vertebra, antero-posterior ..........-e00 3.7 6.5 6.5 
<§ 9 ts tIBNBVELSCAs sis siche et anes es oie n> 4.7 5.7 10 
Lumbar vertebra, antero-posterior .....2...cesssceee sees 4.7a 6 7 
cS $44” WANSVCIRE contias origiietin aaeowieetaG s Jes seuon 6.2 10 
Total length of scapula, estimated.......cccececsessesccs 27 60e * Ta 
Lengthof hui erusins sx diercs'swiciscicbektacucette alter tes © 30.5 45e 67.2a 
a SS s POUTUG. <0 Clasvalca ate hin hietelalets oie ean alas arehare touietasrees 25 35 65a 
bis + third metsicanpall cc. .wsetn view 6 state stele 11 18 24a 
Width of carpus 77e.\idsae we IeS « Hels Rite Bae eee sea a Wthe ae 6.7 10 
Depth “ HS). Soleo date olka gah o Rana pnen ire eareetakt sient 4 8e 11.2a 
Total length of innominate bone. <ss-uscnscen ees euvesnees 41 61 : 78a 
Dien Pt OF LOMUE Sts o.2 cones ote sete sturetciaisianns ceo ieeaere tae 33.5 46e 
ei S MUDIA. Cd dows i laastae ster ae ete REN Rie 27.5 33 
Width of tarsus....... sp:0.0 boi eosinenere pena Rad tab ee 6.5 Bib 14.5a 
a = approximate measurement, e = estimated. 


The Palwosyops measurements are taken from the middle size species (P. palu- 
dosus), which predominates in the Western Bridger basin, and while taken from dif- 
ferent individuals are probably very nearly correct in proportion. The Diplacodon 
measurements, with the exception of the femur, tibia and tarsus, are also from por- 
tions collected together and belonging to one individual. The Zitanotherium yerte- 
bral measurements are from a single individual, but the other parts are taken from a 
number of individuals. The P. major of the Bridger is fully one-fourth larger than 
the above species. : oe 

ISECTOLOPHUS §. & O. . st ‘ss ag 


Isectolophus is a small tapiroid, slightly larger but with shorter limbs and feet 
and more spreading digits than the Uinta Triplopys. 
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In the line of genera to which it belongs the characters of the premolars in 
respect to the gradual assumption of the molar pattern are very important. These 
are wanting in the Uinta specimens, but the Bridger species, which was formerly 
referred by us* to Helaletes (7. latidens) is closely related to Lsectolophus, if not gen- 
erically the same, and shows double internal lobes upon both pm.* and pm.*. The 
' second upper premolar probably had two external lobes and one internal lobe. The 
distinctive features of the dentition, so far as known, are seen in the conic postero- 
external lobe of the upper molars, in the third lobe of the last lower molar and the 
absence of a diastema in the lower jaw. As pointed out in our preliminary descrip- 
tion, these features place Jsectolophus in or near the true tapir line. This conclusion 
is sustained by the discover'y of the complete carpus and of the cuboid. The carpus 
is of a more primitive type than that of Zriplopus, since the magnum and cuneiform 
surfaces of the lunar are subequal, as in Hyrachyus, while in Triplopus the magnum 
surface is much reduced, leading to the Hyracodon type. A still more important 
feature is the size of mc. v, as shown by its articular facet upon the cuneiform, in- 
dicating that there were four functional toes. The cuboid, when compared with that 
of Zriplopus, is broad and reduced in vertical diameter. 

Generic characters. Dentition, c.4, p.4, m.% No diastema behind the 
canine. Fourth and probably third premolars in both jaws submolariform or with 
double internal lobes. Molars in both jaws resembling those of Zapirus. External 
lobes of superior molars (paracone and metacone) strongly convex and equal in size. 
Last lower molar with prominent third lobe. Manus and pes. Digits, 4-? 3. 
Lunar with subequal magnum and unciform facets. Cuboid broad with an extensive 
astragalar facet. 

Isectolophus annectens,} nobis. The postero-external lobes of the superior molars 
are produced beyond the junction of the posterior transverse crests. A strong cing- 
ulum surrounds the crown. 

I. (Helaletes) latidens,{ nobis. The postero-external lobes are opposite the junc- 
tion of the posterior crests. There is no cingulum. 

The Bridger species may subsequently be found to represent another genus, but 
in the absence of the complete dentition of Zsectolophus, it can only be separated by 
the characters of the molar crests, which are hardly generic. The structure of the 
premolars removes this genus from Systemodon Cope. 


*}i). M. Museum Bulletin, No. 1, 1878, p. 54. 
+ Proc. Am. Phil. Soc., Sept. 2, 1887, p. 269. 
t+ E. M. Museum Bulletin, No. 1, 1878, p. 54. 
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ISECTOLOPHUS ANNECTENS. 
PLATE X, 


This genus is represented in the Princeton collection by portions of four individ- 
uals, which apparently belong to the same species, and by the type of a second species 
from the Bridger. The type specimen (No. 10,400) consists of the second premolar and 
first and second molars of the maxillary series and the last lower molar and portions 
of the last premolar and first molar of the mandibular series. The second specimen 
(No. 10,401) preserves the first upper molar and fragments of the premolars and the 
fourth lower premolar associated with a portion of the ramus; also a complete car- 
pus and portions of the metacarpus; also the cuboid and metatarsal elements, in 
addition to the vertebral and limb fragments. The third specimen (No. 10,399) is a 
mandibular fragment containing the fourth premolar and first and second molars. 


DENTITION. 


Molars. In the type specimen (No. 10,400) m.* and m. ° are preserved of the 
superior series. The external face is continuous but strongly trilobate (Fig. 1a) with 
a pronounced external cingulum and prominent anterior accessory cusp. The third 
lobe of m. * is strongly produced beyond the junction of the posterior crest (Fig. 1). 
The transverse crests are rather low and obtuse, curving obliquely backwards. At 
the head of the main valley, directly opposite the median external lobe, is a low but- 
tress. The internal cingulum is prominent, extending upon the anterior and poste- 
rior faces of the crown. ‘The first molar is a smaller tooth of very similar pattern. 

The third lower molar (Fig. 2) has a prominent crescentic heel. The anterior 
crests are stout and slightly oblique; the outer face shows a crescentic prolongation 
inwards, which is rather faint in the middle crest but is strongly produced in the an- 
terior crest, the crescent thus formed being strengthened by a buttress. This 
buttress is a marked feature of the first and second lower molars, as seen in another 
individual (No. 10,399). In the latter the crowns are unworn (Fig. 11), the crests 
are subcrescentic ; the buttress is very distinct in the concavity of the anterior crest» 
and this crest extends inwards, forming an anterior valley. , 

Premolars. With the type specimen there is a superior premolar (Fig. 1) in 
which the internal lobe is single, with a slightly paired crest extending to the outer 
lobes. This tooth is almost unquestionably the second premolar. Associated with 
the ae specimen also there are portions of the external lobes probably belonging 
to pm. * . pee 

The fourth inferior premolar is preserved in 1 each specimen (Figs. 2 and 1. ie 
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The anterior crest is lofty, bilobate, with a distinct anterior valley and buttress; the 
posterior crest is low, especially at the postero-internal angle. As shown in Fig. 11, 
the second and third premolars were bifanged, while the first premolar had a single 
fang and abutted closely against the canine as in J. latidens. 


Tue SKELETON. 


Axial. The vertebral and other portions of the skeleton, associated with the 
second specimen (No. 10,401), indicate that they belong to a young individual. All 
the vertebral centra, lacking the epiphyses, and the contours of the posterior faces of 
the carpals being incompletely developed. The vertebre belong to the posterior dor- 
sal and lumbar region; the centra are much flattened vertically and slightly keeled. 
Fragments of the cranium and infraorbital region are present, but are not character- 
istic. | . 

Appendicular. Fore limb. The scapula has a suboval glenoid face, with a 
raised anterior border and the base of an apparently prominent coracoid process. 
The distance between the outer border and the rise of the spine is very narrow, in- 
- dicating a rather short neck. The proximal portion of the radius presents a limited 
lateral extension, with rather deep antero-posterior diameter. These proportions, 
taken in connection with the rather broad carpus, indicate that Jsectolophus had a 
short fore limb. 

The Carpus. ‘The most important portion of the skeleton is the nearly complete 
right carpus with portions of the second and third metacarpals attached. This 
is the first carpus discovered belonging to any genus in this line of descent and 
with the cuboid fully establishes the systematic position of Jsectolophus in the tapir 
line, as already inferred from the peculiarities of its molar teeth. The vertical diam- 
eter of the carpus proper is considerably less than the transverse, the series retaining 
in great measure the rather spreading character of the primitive type. The first and 
second rows fully alternate and interlock. The scaphotd has a subquadrate anterior 
face; the radial facet has a broad posterior extension. ‘The trapezium facet is worn 
away; the trapezoid facet is excavated and is only a trifle broader than that abut- 
ting against the magnum. The Junar has a symmetrical radial facet with a promi- 
nent posterior hook; the inferior face presents subequal magnum and unciform facets, 
with closely similar angles of inclination; this is a very distinctive feature. The 
cuneiform has rather a limited transverse extension of the ulnar facet, with a small 
pisiform facet ; the lunar and unciform surfaces are subequal. ‘The trapezium is not 
_ preserved, but is indicated by a wide facet upon the trapezoid and upon me. 1. The 
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trapezoid is small, subquadrate, with convex scaphoid and metacarpal facets and sub- 
equal trapezium and magnum facets. The magnum has a pentagonal face with sub- 
equal scaphoid and trapezoid facets; the remaining three sides articulate—a, with the 
lunar; this facet, although narrow in front, extends back to the full depth of the 
lunar; also presenting a narrow unciform facet posteriorly ; 6, with the extension of 
me. 11; ¢, with the horizontal face of mc. 1m and the extension of me. u. The 
unciform has a broad cuneiform facet, and oblique lunar facet ; the inferior face pre- 
sents subequal facets for the extension of me. ur and the upper face of me. Iv. 
The facet for the fifth metacarpal is narrow upon the anterior face and is presented 
obliquely outwards and backwards. The full extent of this important facet cannot 
be ascertained, owing to a partial fracture and the immaturity of the individual. 

The second and third metacarpals have subequal shafts with a rather flattened 
and slender section, indicating that they were not long and that the digits were 
rather short and spreading. The second metacarpal has a lateral trapezium facet, a 
concave upper face for the trapezoid and an extension for the magnum and me. TI ar- 
ticulations. The third metacarpal besides the above and the deeply concave magnum 
facet has a lofty extension and abutment against the unciform. The fourth and fifth 
metacarpals are missing; the latter was borne upon the oblique unciform facet; the 
rearward extension of the unciform which forms the principal support of the toe in 
the tapir appears to be undeveloped. The proximal phalanges probably belonging 
to these metacarpals are preserved ; they are elongated and rather slender. 

The only portion of the tarsus represented is the cuboid, which, however, 
presents important diagnostic characters. It is very short and cylindroidal. The 
superior face is subcircular, with a large hooked calcaneal facet and a compara- 
tively extended facet for the astragalus. The outer surface is grooved for the flexor 
tendons. The lower facet apparently supported mt. m and a portion of mt. m. The 
vertical compression of the cuboid indicates that the navicular and cuneiforms were 
much flattened. The distal portion of mt. mt is broad with a prominent posterior 
keel, while mt. 1 is considerably narrower with an oblique face. 

The distal portion of the tibéa shows a prominent malleolus and posterior spine. 
The astragalar grooves are slightly oblique, and decidedly shallower than in Hpz- 


hippus. 


Special Measurements, Skeleton. 


Isectolophus, No. 10,401. M. 
Cuboid, vertical Giameter oss). 225. soo dcrerete cic ashes eeaiaoree arate’ one tans toteietal emp ntnle Biel ele ie testa O11 - 
“transverse ‘‘ g \s,0 0 Bile, sos wishelaiaregs aiete cbaleteie os siaratal «isa cae Saissistateis s 5S lanotdetefeiwta (senor .0095 ‘ 
Distal face-of tibia; trankVerg6.s. anaes ste haere aeteeietee ame APOE aL elk Sales tose epeaisiee Per 014 7 
SS i fC. ,antero-PosteriOr scstsscesientonn oslclouis pete hice imannee ERs Saicare eae Pree) ay 
Oarpus, ‘vertical'diameter)’ maximum, >... 5. catene eeeae ee eee Ah tees Midksiaratb tisha: Snot arabe . .019 > FHL: 
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Other measurements may be obtained from the plates, which are carefully drawn 
to scale. 


Dentition, Comparative Measurements. 


Upper Upper m* me Lower Lower Ms Ms 
series, molars antpos- _ trans- series, molars, antpos- antpos- 
pm'—m, = m'—m*. terior. VETSE. PMy-M, — M—Ms. terior. terior 
Tsectolophus ....+ .047* .016 .018 .088* .05* .014* .023 
annectens, 
Isectolophus .s.+» 036 .012 .013 081 .042 .012 .018 
latidens. 
Systemodon ...... .063 .032 0105 .012 .073 .035 .010 .016 
tapirinum. 


The Systematic Position of Isectolophus. 


Before discussing the relations of Isectolophus, we may review the grounds for 
referring this genus to a position in or near the direct tapir line: (1) As far back 
as the Wasatch and the overlying Wind River periods, we observe, as recently stated 
in full by Cope,f that a division in the lophiodont forms is indicated by the shape of 
the postero-external lobes of the superior molars; in one line they are conic, in the 
second or side line they are flattened. The former leads to the true type of tapir 
molar; the latter extends into another line of genera such as Hyrachyus, in which 
tapir characters were partly retained in the feet, but in which the teeth were rapidly 
departing from the tapir pattern ; (2) another feature, to which Marsh first called atten- 
tion as characteristic of this line, is the presence of a third lobe upon the lower molars ; 
(3) a third feature is the absence of any considerable diastema behind the canine. 
So much for the dentition ; the distinctive foot characters are more fully discussed 
later, they are: (4) In the carpus, the retention of subequal magnum and unciform 
facets upon the lunar, and the large me. v facet upon the unciform; (5) the exten- 
sion of the cuboid upon the astragalus, anteriorly and posteriorly. 

The single tapiroid mark in Helaletes is the small third lobe of the last lower 
molar ; in the flattened postero-external cusps, as in Hyrachyus, and in the high com- 
pressed tarsus resembling that of Tiriplopus, with its narrow astragalo-cuboidal con- 
tact, this genus widely departs from the tapir line. Jsectolophus, on the other hand, 
has all these marks, and the points in which J. annectens varies from J. latedens are 
all in the direction of closer approximation to the recent tapir. 

In Systemodon of the Wasatch (Cope Collection, see Tert. Vertebrata, Pl. LVI, 
Fig. 1-2), the third and fourth upper premolars have two external Jobes and a 


* Approximate estimate. 
+ The Perissodactyla. Am. Nat., 1887, p. 990. 
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single internal lobe. The third has a single transverse crest, and the fourth has the 
second crest just developing. In the true superior molars, the convex postero- 
external lobe is slightly posterior to the junction of the posterior transverse crest 
(metaloph), and there is a prominent cingulum embracing this lobe. In Jsectolophus 
latidens of the Bridger, which is distinguished from Systemodon by the double in- 
ternal lobes of pm. and pm.’; the postero-external lobe is also slightly posterior to 
the crest, but in the Princeton specimen (JZ. latédens) there is no cingulum. Both 
these forms have slight diastemata in the dental series. In JZ. annectens the same lobe, 
which is homologous throughout with the primitive metacone of the tritubercular 
molar, is greatly produced beyond the junction of the posterior crest. The external 
cingulum reappears, so that in this respect, the genus reverts to Systemodon, but pre- 
sents such a marked advance even upon the J. latidens molars in other respects that 
it must be considered a much more recent type. The third and fourth premolars 
probably show a more distinctly developed pair of internal lobes than in L. latedens. 
The inferior molars present the tapirine buttresses in the valleys and inflection of the 
anterior crests which are wanting in the Bridger species, but are occasionally seen in 
the Bridger varieties of Hyrachyus. Another developmental feature is the steady 
growth of the anterior accessory tubercle, which is so marked in the tapir. The 
comparative measurements of the teeth in these three genera show that, with the 
development of the molar pattern and metamorphosis in the premolars, there was a 
steady increase in size, extending proportionally in all parts of the dentition. 

It thus appears that the primitive tapirs were well distinguished from the other 
lophiodonts very early in the Hocene period, and the tooth and foot structures charac- 
teristic of the recent forms were acquired even more rapidly than in the parallel line 
of primitive horses. 

The Miocene successor of Isectolophus is undoubtedly Seen by the single 
three-lobed lower molar from the White River beds, which Dr. Leidy has referred to 
Lophiodon occidentalis. By analogy with the premolar evolution in all other perisso- _ 
dactyls we may anticipate that this tapir will be found to have three premolars like 
the molars (Mesotapirus). 


TRIPLOFUS Cope. 


Syn.: Prothyracodon, nobis, Proc. Am. Phil. Soc., Sept. 2, 1887, p. 2605, aa 

This genus was discovered by Prof. Cope in the Washakie or Upper Bridger 
strata, and we find that it is very abundant in the overlying Uinta. The mandibular — 
dentition so closely resembles that of the smaller species of Hyrachyus describ 
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from the Bridger, that it is possible that some of the latter belong to Zriplopus. As 
Cope has. pointed out, this genus is near the H/yrachyus-Hyracodon series, as shown 
by the teeth and the reduced condition of the fifth digit. It was an extremely light 
and graceful animal, with long slender limbs and feet of the proportions seen in 
Mesohippus, and about the height of the smaller domestic sheep. The manus and 
pes are extremely elongate, the podials being laterally compressed, the metapodials 
spreading very little, much less apparently than in either Hyrachyus or Hyracodon. 
The peculiarity of the manus is that the lunar rests almost entirely upon the unci- 
form anteriorly. In the pes the cuboid is elongate and articulates with the astragalus 
by a very narrow joint. The genus is distinguished from Hyrachyus by the flatten- 
ing of the external molar crests and their backward extension, also by the advanced 
reduction of mc. v. From LHelaletes, by the single internal lobes of the premolars 
3 and 4. There is a wide diastema behind the canine and the last lower molar is 
without a third lobe. 

This genus is represented in our collection by portions of five or more individu- 
als; in every case the specific determination is uncertain and the generic reference of 
one specimen is somewhat doubtful. The types include the Prothyracodon interme- 
dium (No. 10,403) and Hyrachyus obliquidens (No. 10,402) of our preliminary bul- 
letin. The former type, together with several individuals which are represented by 
skeletal fragments, is now referred to the same species as the latter; the latter, a 
superior molar, m.*, evidently belongs to Zrzplopus, and has associated with it a lower 
jaw which either lacks or has a rudimentual first premolar, a good specific distinction 
from 7". cubitalis Cope. The type of P. intermedium cannot be distinguished from 
T. cubitalis, except by indirect association with the Z. obliquidens type. 

Generic characters. Dentition, i. 3, ¢.4, pm. }3, m. 3. A diastema behind the 
canine. Fourth and third premolars submolariform; upper third and fourth pre- 
molars with single internal lobes. External crests of superior molars flattened. 
Third lower molar bilobed. Skull, meatus auditorius externus closed by bone infe- 
riorly. ‘Tympanic expanding into a bulla. Posttympanic and paroccipital processes 
distinct. No postorbital arch. Manus and pes. Digits 3-3. Fifth metacarpal 
rudimental. Lunar resting principally upon unciform. Astragalus with slight 
cuboidal contact. — 


TRIPLOPUS OBLIQUIDENS 8. & O. 
Pirate XI. 
T. obliquidens. Syn.: Hyrachyus obliquidens, nobis, Proc. Am. Phil. Soc., Sept., 


1887, p. 259; probably also, Prothyracodon intermedium, nobis, loc. cit., p. 260. 
A. P, S.— VOL. XVI. 30. 


\ \ 
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Specific characters. The transverse crests of the superior molars continuous ; 
the first inferior premolar rudimentary or wanting. 


DENTITION. 


The superior premolar-molar series (Fig. 6; type of P. intermedium, N o. 10,403), 
consists of pm.’-m.*. The external crests of m.' and m.° are wanting, as well as the 
transverse crests of pm.’. The external crests of the two premolars are subquadrate 
with two symmetrical vertical ridges (Fig. 6a). The anterior transverse crest of 
pm.’ is strongly recurved, forming the single internal lobe, against which the slender 
posterior crest abuts. The entire inner face is surrounded by a prominent cingulum. 
The peculiarities of the molars are, the elevation of the transverse crests, the con- 
cavity of the postero-external crest and faint marking of the vertical ridge. In m.’ 
and m.° the external crest is produced widely beyond the posterior transverse crest, 
but in m.* the external crest is very oblique and barely overlaps the posterior trans- 
verse crest, leaving no posterior fossa. These teeth closely resemble those of 7. 
cubitalis as described by Cope,* but are slightly larger. 


Measurements. M. 
Superior molars (10,403). 
Third premolar to third molar inclusive ....... A ae wie eee S celciele a eluerene.ee ser caine one oe CeO 
Second molar, antero-posterior diameter. ..........+++see00 dole b ajousiie Gite eer vistraee a tater eee .015 
td “« transverse $6" aceite eiayoletaters’ aratete oe REE OCICS GACH Ce 
Fourth premolar, antero-posterior diameter...... WAS SK or S eteoire me én chiweas ces Dee E EE 
MY *« "transverse tes  siahala sisteaeautonstays hae ic eluraveleretessibiec stele tsiehcis tte efaatete satan .0135 
Inferior molars, etc. (10,402). 
Median incisors to third molars inclusive ....... oe aYels orsare 8 aur ete eee ater SS Cine ica 'oe Cem eee 
Length of the premolar-molar. series: «sles naereie ace nainieehe eee Sats cwmates thats sens aoe 
PI LUEE Ss iS T RAR as Je PO a Se ee, seis vis ae em a asicuieie pines 
<5 By postcanine diastema.....+..eseese- Ba.e/ sibiacc ahaa lovee Me <istomtestele sds viele wie gece amen 
~ se SYMPLYSIS vice cee ee et stocchancts ete aires See Sie at eft. 95 kisievel tateare rete e alecare ete .035 
Least width of EERE FE ei aor et ree ne + aan 20e 
Antero-posterior diameter third superior molar,....... So sinh Scere as als o.c)ois.ololea’s¢ 6 sree 
Transverse “a % < SC Mei clas aerkarerels ne eeleeacadoleaee celdotwe 4hclee aang 


ee 
The second specimen (10 402) is the type of 7! obliquidens. It is intermediate 
a size een ae agrarius and H. nanus. There are two mandibular rami 


* Tertiary Vertebrata, p. 681. 
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Tiriplopus. The fangs of three subequal incisors and a medium sized canine are pre- 
served, behind which is an extended diastema, followed in the left jaw by the minute 
alveolus of pm.’ which may have been retained in situ at a less mature age. In the 
right jaw no trace of this alveolus can be seen. If this premolar is found to be in- 
variably missing, this may be given as the generic distinction of Prothyracodon. 
The second premolar is rather small, the third and fourth are submolariform. The 
three molars are nearly equal in size with the ordinary lophiodont pattern, the ante- 
rior crest is well incurved in the worn condition of the crown. The mandible is stout 
and well rounded, contracting greatly opposite the diastema. The measurements 
indicate a heavier jaw and larger animal than the type of J. cubitalis. The last . 
molar has no trace of the third lobe, but there is a considerable space between it and 
the ascent of the coronoid process. 

The third specimen (10,397) .is of unusual interest, since it contains, associated 
with a few teeth, many portions of the skeleton and the complete tarsus and carpus. 


The Fore and Hind Limbs. 


The fore limb of 7. cubitalis has been fully described by Cope, op. cit., p. 684. 
It is remarkable for the unusual elongation of the fore arm and of the manus. The 
head of the humerus is laterally compressed, with marked fore and aft extent ; 
the distal trochlea is unusually deep and extensive, indicating great play at the elbow 
joint. The distal portion of the scapula hasa very long neck, and the spine 
rises very gradually ; the scapula was probably high and narrow. The proximal 
facet of the radius is very deep antero-posteriorly. The ulna is remarkable for the 
great extension of its olecranon; distally it is apparently more reduced than in 7! 
cubitalis. 

The extremities of the bones of the hind limb are mostly preserved, and indicate 
that the proportions were long and slender. The femur has a long patellar facet and 
a deep intercondylar pit. The tibia has a narrow but prominent cnemial crest and 
double spine; the distal face has a deeply excavated astragalar trochlea which is 
decidedly oblique. ‘The fibula has a fairly stout distal extremity, and is throughout 
eatrely distinct from the tibia. 

- The carpus (Fig.6). The scaphoid is very stout with a deep radial facet ; 
inferiorly it presents a minute facet for the trapezium, an oblique trapezoid facet, a 
equal with the slightly larger and horizontal magnum facet. The lunar hasa 
nearly horizontal unciform facet and vertical ental facet which rests partly against 
the scaphoid and has a slight magnum contact. The cuneiform is very thin, and 
has a narrow ulna facet extending into that for the pisiform. The trapezium was 
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extremely reduced. The trapezoid is wanting. The anterior face of the magnum is 
subquadrate, since the ectal lunar and unciform facets are in the same slightly oblique 
line. The unciform is remarkable for its depth; superiorly it has subequal 
cuneiform and lunar facets ; inferiorly it has subequal me. ur and tv facets and a 
small facet for the rudiment of me. v. The metacarpals have sharp distal keels 
confined to the deep posterior faces. ‘The phalanges are deep and elongate. 

The tarsus (Fig. 9). The main features of both the carpus and tarsus are de- 
scribed in the section on the feet of the Perissodactyla. In addition the following fea- 
tures may be mentioned: The sustentaculum of the calcaneum is very narrow ; 
the cuboidal facet slants obliquely downwards as in the Artiodactyla. The metatar- 
sals have the proportions seen in Mesohippus. 3 

Measurements may be obtained from the natural size figures upon Plate XI. 


The Systematic Position of Triplopus. 


Prof. Cope (Tert. Vert., p. 678; Am. Naturalist, 1887, p. 999) has placed Zr7p- 
lopus in a distinct family. He says: “The entirely rudimentary character of the 
fifth metacarpal, which with its digit is so well developed in Hyrachyus, places 
Triplopus in another family and in a distinct line of descent. I think that it must be 
regarded as one of the forms connecting the lophiodonts with the rhinoceroses.” We 
cannot accept this conclusion. In the discussion of the manus and pes in the Hyra- 
chyus-Hyracodon series, on a later page, it is shown that the feet of Zr¢plopus are in 
every detail intermediate in structure between those of the above Bridger and White 
River genera. The teeth are also transitional. In the upper molar series of Zriplo- 
pus, from the third premolar to the last molar inclusive, the external faces have a 
striking resemblance to those of Hyracodon, while the wearing surfaces of the same 
tecth are close to those of Hyrachyus. The departure from the Hyrachyus pattern is 
seen, first, in the decided elevation of the crests and disappearance of the postero- — 
external lobe or ridge ; second, in the rhinocerotic shortening of the posterior trans- 
verse crest of m.°; both these changes are in the direction of Hyracodon. 

These characters suggest our considering the genus Zriplopus as a transition 
form. None of the known species, however, exactly fill the requisite transition 
features. 7. cubitalis and T. obliquidens are apparently to be considered aside from 
the main line, on the following grounds: The fore arm is proportionally much longer, 
the metapodials are more compressed, the lateral elements of the pes especially are 
more reduced. than in any possible direct ancestor of HZ. nebrascencis. A smaller, 
lighter species of J7yracodon is, however, represented in the Harvard collection by a 
carpus which while slightly larger than that of 7. obléquidens presents a very similar 
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stage of reduction of the lateral metapodials. This is further evidence that some 
species of the Lower Miocene genus will be found to approach Triplopus much more 
closely than L. nebrascencis does. The upper molars of the known species of Zrip- 
lopus entirely lack the rhinocerotic “anticrochet” seen in Hyracodon, and are also 
devoid of the strong external cingulum. 

Another feature of Zriplopus should, however, be mentioned, which may serve to 
justify Prof. Cope’s views of its separate systematic position, that is, the apparent ex- 
pansion of the tympanic into a small auditory bulla. The meatus audztorius externus 
is completely enclosed below, whereas both in Hyrachyus and Hyracodon it is widely 
open. 

We probably have in Tirzplopus a highly specialized cursorial type in which there 
is a slightly more marked tendency to monodactylism than in the predominant spe- 
cies of either Hyrachyus or Hyracodon. A recently completed restoration of ZZ. ne- 
brascencis from materials in the Princeton and Harvard Museums shows that the 
Miocene genus retained substantially the proportions of Hyrachyus eximius as seen in 
the complete skeleton discovered by Cope. 


EPIHIPPUS Marsh. 


This genus is represented by the lower jaw and numerous portions of the skele- 
ton of a single young individual (No. 10,405). The species cannot be determined. 
The specimen is provisionally referred to #. wintensis Marsh. 

Generic characters. Dentition, i. 3,¢.41, pm. 4,m.3. The third and fourth 
upper premolars are like the molars, and the corresponding lower premolars have the 
double antero-internal cusps (a a@ Riitimeyer). The ulna is complete and distinct 
from the radius. The lunar rests equally upon the magnum and unciform. Digits 
4-3, 

EPrmnipPUus UINTENSIS Marsh. 
PuatTe XI, 


Dentition. The lower jaw is shallow, tapering to the narrow, slender symphysis. 
The incisor fangs (Figs. 3, 3a) are equidistant and subequal. The canine is conside- 
rably larger. The first premolar has a simple pointed crown and single fang. The 
premolars 2-4 are missing. The second molar has the characteristic reduplication of 
the antero-internal cusps. From the antero-external cusp (protoconid) a sharp 
ridge extends downwards and inwards; there is a well-defined external cingulum, 
The third molar shows the same characters with a strong posterior cingulum, The 
superior teeth are not preserved. 
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Fore limb (Figs. 4, 4a). The distal portion of the humerus shows an extensive 
trochlea and deep anconeal pit, but no perforation. The proximal portion of the 
radius entirely conceals the ulna; the shaft is arched forward, strongly convex in 
front; the ulna descends along the flattened posterior surface and appears at the 
side in the lower third of the shaft. The ulna has a small pisiform and narrow unci- 
form facet. The characteristics of the carpus are fully described elsewhere and 
well shown in the figures. The third metacarpal does not show the increased size 
we should have anticipated in this genus, but would probably be relatively much 
larger in an adult individual. The fifth metacarpal is about three-fourths the length 
of the second and fourth. The phalanges are rather short and stout. The ungual 
phalanges spread distally. The metapodial keels are very prominent on the posterior 
face. 

Hind limb. The tibial shaft is preserved, but is not characteristic. The tarsal — 
characters (Fig. 5) agree closely with those of Hyracotherium, and are fully described 
elsewhere. The astragalus has a very deep groove, narrow nayicular facet, narrow 
cuboidal contact, and three distinct calcaneal facets. The caleaneum has a distinct 
fibula facet and rather short stout tuber; the sustentaculum is very narrow.. The 
third metatarsal is very deep and much stouter than the second and fourth, which are 
strongly rotated backwards. The second metatarsal apparently articulates laterally 
with the ectocuneiform. 

Taken altogether Zpihippus preserves more of the primitive characteristics of 
Hyracotherium than we should have anticipated. These are especially seen in the 
carpus. The tarsus shows more marked reduction of the lateral members. The 
fibula is probably still complete. fe 
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Part IV. 
BY HENRY FAIRFIELD OSBORN. 


THE EVOLUTION OF THE UNGULATE FOOT. 


In the Uinta and underlying Washakie beds we meet with, at least, five distinct 
series of Perissodactyla, representing the recent Tapiridse and Equide, also the 
Titanotheriidz and Hyracodontidz, which became extinct in the Miocene, and Amyno- 
dontidz which may have given off the true rhinoceros line. The foot bones of each 
of the series are fortunately represented wholly or in part in the Princeton collection 
and present interesting transitions to the Bridger types of feet on the one side and the 
White River on the other. Many notes upon the latter have been derived from the 
study of the collection in the Museum of Comparative Zoology through the courtesy 
of Prof. Agassiz. The writer is also greatly indebted to Prof. Cope for free access 
to his collection which is so rich in Lower Hocene forms. 

A careful comparison of these earlier and later forms showed it to be possible to 
distinguish, in nearly every instance, the separate elements of the feet in each series 
by a number of inconspicuous but thoroughly diagnostic marks. This led the writer 
to a study of the minor characteristics of the foot bones in the recent and extinct 
Perissodactyla and the earlier Ungulata in general. Kowalevsky has given us a 
model for such research in his Anchitherium memoir, in which structural modification 
is constantly viewed from the functional standpoint, while we are greatly indebted to 
Cope for his numerous essays upon the broad lines and philosophy of the transitions 
from the taxeopod to the recent ungulate foot. The purpose of the present contribu- 
tion is to indicate the chief characteristics of the foot bones in each of the phyla 
diverging from the primitive Taxeopoda, chiefly in their bearing upon phylogenetic 
questions and the laws of modification of foot structure. The subjects may be con- 
yeniently treated in the following order : 

I. The foct structure in the ancestral Taxeopoda or Protungulata and the modifi- 
cations which take place in the ungulates in general in the eyolution from the 
primitive type. 
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II. The main features of the manus and pes in the Hyracoidea, Amblypoda, 
Proboscidia, Toxodontia, and in Macrauchenia. 
III. The chief and minor characteristics of the manus and pes in the various series 
of Perissodactyla. 
IV. The taxonomic value of the primitive and secondary articulations in the manus 
and pes. 
YV. The laws of modification of foot structure. 


I. THE PRIMITIVE FOOT. 


The more recent types are connected with the remarkably simplified feet of the 
Puerco ungulates by Phenacodus; without this link it would be presumption to 
describe the feet of such genera as Periptychus, Hctoconus, and Meniscotherium, as 
ungulate, since, excepting in the terminal phalanges, they resemble the plantigrade 
carnivore foot far more closely than those of any living ungulate—possibly excepting 
Hyrax. 

The pes of the Puerco Periptychus and Pantolambda are fully known. The 
former corresponds so closely with that of Ursus, we may anticipate a similar homo- 
logy in the manus, especially as the entire structure of the upper portion of the fore 
limb is bear-like. Our actual knowledge of the primitive taxeopod manus is at 
present inferential from Phenacodus in comparison with the more recent types in 
which taxeopod characteristics persist--as in most cases we can readily detect and 
eliminate secondary structures. 

General characters. The primitive manus and pes of the lowest. Hocene ungu- 
lates had five spreading digits bearing spatulate terminal phalanges marked by a me- 
dian groove. The first and fifth digits were short. The separate elements of the 
podium and metapodium were articulated serially, the only interlocking joints being, 
as in all mammalia, beneath the scaphoid and unciform, cuboid and navicular. In 
standing, the entire sole rested upon the ground, the foot forming a right angle with 
the lower leg; the limited astragalo-tibial facets in all the Puerco forms leave no 
doubt upon this point, and we have a persistent example of this type in Hyraz. 

Tux pes. In the pes both the tibia and fibula were supported upon the astragalus; 
a fibulo-calcaneal facet is frequently assigned as one of the characteristics of 
the primitive ungulate foot,* from the fact of its appearance in so many different — 
phyla. Among the primitive Ungulata this facet has thus far been observed only in 7 
Meniscothervum, it is wanting in all the other Condylarthra. (1) In this genus it has 


* See Marsh, Dinocerata, Characters of the Protungulata, p. 171. 
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a trochlear character, the fibula resting upon the caleaneum throughout extension, as 
in Macrauchenia and the Artiodactyla. (2) In the primitive Equide and in the Titano- 
theridx, the fibula rests upon the caleaneum in extreme flexion. In ancestors of 
the latter family we observe this facet developing evidently as an adaptation to great 
body weight. (8) The third type of fibulo-calcaneal facet, as seen in the Proboscidia, 
(?) Dinocerata, and Toxodon,* in which the ankle motion is limited and the fibula 
rests broadly upon the calcaneum, is also probably a secondary adaptation to weight. 
As in several instances this facet has been acquired secondarily, as it is wanting in the 
majority of primitive taxeopods, and is not essential to the perfect working of the 
plantigrade ankle joint—the evidence as to its primitive character is certainly not 
conclusive.t 


Drags. 6-7.—Hind limb of Periptychus rhabdodon Cope, from original in the Cope collection. .A, Front view of 
pes, x 4; B, Side view of right hind limb, x j. The restored and conjectural portions are in dotted lines. af, Astrag- 


alar foramen. 

The trochlear groove of the astragalus faced upwards, when the foot was 
prone, and with its slight concavity and obtuse edges allowed considerable lateral 
movement. The antero-posterior movement was evidently very limited, for this facet 
in all the Puerco genera is small ; it was indented by a foramen probably transmitting 
the flexor digitorum communis. The importance of this astragalar foramen as 

* “In Toxodon the fibula articulation is of unusual size.’”’ Cope, Proc, Am. Phil. Soc., April, 1881, p. 402. 
+ We are speaking of primitive ungulates, not of primitive Mammalia in general. 
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a characteristic of the Ungulata and primitive Mammalia generally has been hitherto 
overlooked. Cope has observed it in Bathmodon* and in Periptychus ;+ Marsh has 
described it as present in about one-half the Uintatherium astragali.[ Lemoine§ has 
found it in all the Cernaysien mammals, which are of about the same age as the 
Puerco, It is also present in Hetoconus, Meniscotherium, Pantolambda, and in many 
if not all of the Puerco creodonts. The astragalus had a short neck articulating 
distally mainly with the navicular by an oval and strongly convex facet, and, while 
in several Puerco genera (Periptychus, Pantolambda), it has a considerable ecto- 
lateral facet for the cuboid, this facet was probably absent in the most primitive 
forms. Another important feature was the articulation with the caleaneum by two 
facets only, the ectal (posterior) and sustentacular (see Phenacodus, Diagram 
10). , 

The tibiale.|| A careful comparison of the tarsus of Periptychus and Den- 
drohyrax has brought out the interesting fact that there is a broad ental facet upon 
the astragalus in some of the Taxcopoda for the tibiale similar to that in the Hyra- 
coidea. This facet, which Cope has recognized as the tibiale or “internal navicu- 
lar” in Periptychus, is also observed in Meniscotherium, Pantolambda, and the Puerco 
mammals generally. It has been pointed out by Baur in Uintatherium, by Cope in 
Bathmodon, and should undoubtedly be added to the list of primitive characters of 
the pes. 

The calcaneum resting upon the ground with its sustentaculum bore the whole 
weight of the leg transmitted through the astragalus, articulated distally by a 
concave facet with the cuboid. The cuboid supported mts. rv and v, the three sub- 
equal cuneiforms articulating respectively with mts. 1, 1 and ur. <A very constant 
feature was the relative shortening of the mesocuneiform (Phenacodus), so that 
the proximal portion of the mt. 1.was inserted between the endo- and ectocunei- 
forms. A similar facet may be present between mt. 1m and the cuboid; these ectal 
facets being analogous to those upon mes. 1m and m1 in the manus in not being of a 
supporting character; in other words, there was no true displacement between the 
podium and metapodium. 

THE Manus. There was in all probability a centrale occupying the same posi- 
tion as in Hyrax, for this element has now been found both in the Hyracoidea and 


* Tertiary Vertebrata, p. 551. 

+ Op. cit., p. 899: “This foramen is formed by the closing of the usual tendinous notch,”’ etc. 
{ Dinocerata, p. 148, 

§ Various papers upon the Cernaysien fauna. . 


|| Baur, On the Morphology of the Tarsus in the Mammals, American Naturalist, Jan., 1885, p. 349. See also, 
Marsh, Dinocerata, p. 146. 
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Proboscidia.* The distal row of carpals was probably much broader than the prox- 
imal, and the metapodials, as in the pes, were without any lateral facets. 


GENERAL MODIFICATION OF THE FEET. 


The primitive structure, as Cope has shown, is approximately preserved in the 
plantigrade /Hyraxz, showing that all the secondary articulations in various ungulates 
were adaptations to digitigradism. There are four stages in the foot elevation: 
First, the plantigrade, already described; then the semiplantigrade, 
seen in the feet of the Proboscidia and Dinocerata, with short slanting metapodials 
well raised proximally. Riitimeyer has proposed “ digitiplantigrade ” for the reduced 
types with elongate vertical metapodials in which the phalanges rest fully upon the 
ground (Camelus). As this condition is practically analogous to that in one division 
of the Carnivora, it may be more simply described as digitigrade. There are of 
course many steps between this condition and the unguligrade foot, in which 
the terminal phalanges alone rest upon the ground (Hyguus). 

The universal result of elevation of the wrist and ankle joints was dis place- 
ment in some form, from the serial order, adapting the foot bones to the new inci- 
dence of impacts and strains. Then came reduction of one of the lower leg bones 
and of the lateral digits. With one exception, seen in the proboscidian manus, the 
departure from the serial type was upon a single principle: First,t the 1 and ur 
metacarpals and metatarsals acquired lateral supporting 
facets upon the second row of podial elements, usually upon 
the outer side. Second, the bones of the upper row of carpals and 
tarsals formed articulations with the more ectal elements of 
the second row. 

In the general modifications of the Manus it is important to note that mes. 1 
and mi invariably acquired supporting facets upon the ectal side with the magnum 
and unciform respectively. Excepting in the semiplantigrade orders the reduction 
of the first digit was very rapid, it being already absent or functionless in the 
Eocene Diplarthra. The extension of the lunar was the next step in displacement ; 
spreading upon the trapezoid in the Proboscidia, or upon the unciform, by its own 
growth or that of the unciform beneath it, in all other ungulates. This is incipient in 
Phenacodus and extensive in the Amblypoda. In other phyla the displacement of 


* Riitimeyer, Ueber einige Beziehungen zwischen den Siiugethierstammen Alter und Neuer Welt, Zurich, 1888. 


+See Marsh, Dinocerata, p. 183,§ 2: That the metapodial displacement was more primitive than the podial is 
shown both in Phenacodus and Hyraa, in which mes. 1 and 11 abut laterally against the magnum and unciform, while 


the carpals are serial. 
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the scaphoid and lunar was probably concomitant.* In the earliest known Diplar- 
thra the scaphoid has a facet upon the magnum of the same width as that of the un- 
ciform beneath the lunar—these facets increase, pari passu, until we reach the most 
specialized forms. In all the Perissodactyla the law of ectal displacement of the 
metacarpals is maintained ; after mc. 1 disappears the trapezium persists ; as me. II is 
reduced it invariably retains its entire hold upon the trapezoid; me. ur spreading 
only to the ectal side (Kowalevsky). In the adaptively reduced Artiodactyla, how- 
ever, mc. lI acquires a broad trapezoidal facet, forming an exception to the otherwise 
universal rule. 

The general modifications of the Ps are still more interesting. In the astragalus 
the flexor foramen disappeared, being for a long time represented by a groove ; 
the primitive foot undoubtedly had a limited grasping power, the flexion being dis- 
tributed between the metapodials and phalanges; this was replaced by the greatly in- 
creased play in the ankle joint and the development of the muscles inserted in the tendo 
achillis as propellers. The trochlear groove deepened, limiting the motion to the fore 
and aft direction (Cope) ; the navicular facet became saddle-shaped and then flat, ex- 
cepting in the artiodacty] phylum ; the sustentacular facet divided into two, which may 
be called the “sustentacular” and “inferior,” producing three distinct cal- 
caneal facets.+| The displacement of the astragalus and cuboid by reciprocal growth 
was almost universal, having but two exceptions, in the Proboscidia, where the navic- 
ular extended upon the cuboid, and in the lines of Perissodactyla, which tended to 
monodactylism. ‘he caleaneum in several series acquired a fibular facet, the tuber 
was elongated and the sustentaculum extended inwards. While rarely in contact 
with the navicular anteriorly (as in the primitive horses), the caleaneum in some 

* Upon this point hangs the question whether the diplarthrous foot ever passed through the amblypodous stage, 
as held by Cope. In the absence of any direct paleontological evidence, Schlosser (Beitrige z. Stammesgeschichte der 
Hufthiere, p. 6) has strongly insisted upon the direct derivation from the Condylarthra upon the ground of the dis- 
similarity both in foot and tooth structure. His objections, though well taken, indicate a misunderstanding of Prof. 
Cope’s taxonomic principle of selecting genera at a certain stage of evolution in foot or tooth structure, to form a family 
or order, irrespective of actual descent or relationship. When, upon this system, the derivation in question is main- 
tained, no genetic relationship of the Perissodactyla and known Amblypoda is thereby implied, but that at one stage 
in the evolution of the diplarthrous foot the lunar rested widely upon the unciform, as in Ooryphodon, the scaphoid 
not reaching the magnum. This proposition seems to us highly improbable, for we must suppose that the lunar first 
extended upon the unciform while retaining its entire magnum facet, then it became reduced while the scaphoid ex- 
tended upon the magnum—this hypothesis is rendered improbable by the fact that in all the early Diplarthra the 
scapho-magnum and lunar-unciform facets are subequal. The proboscidian manus is an exact counterpart to the 


amblypod manus, and shows that the latter is to be considered not as in an intermediate but as in a final stage of de- 
velopment. : 


} It is interesting to note the close parallelism to these adaptations to digitigradism in the Carnivora ; we observe 
an entirely analogous division in these facets and evolution of the ankle joint. 
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series acquired a posterior navicular facet. The reduction of the entocuneiform fol- 
lowed that of mt.1. The fifth digit was much more rapidly reduced than in the 
manus. Independently of these reductions, mt. mand mt. 11 formed oblique sup- 
porting facets with the ectocuneiform and cuboid respectively analogous to the 
‘alternating ” metacarpal articulations, but the metatarsal articulations were much 
more variable than the metacarpal. Asa general rule metatarsal displacement and 
growth was to the ectal side, the exception being in the Equide, where mt. 1 
extended rapidly over the mesocuneiform. 

The metapodials. In all the perissodactyls, primitive artiodactyls, and inadap- 
tively reduced artiodactyls we find, as above stated, but one alternating type 
of metacarpo-carpal articulation; the adaptively reduced artiodactyls develop a 
second type of metacarpal articulation. In the pes, beginning with the “serial” 
type of Phenacodus, we find that genera tending to monodactylism develop what 
may be called the “plane-serial” type, in which there is for a period no lateral 
spreading (//yracotherium). The “reverse” type is exemplified in Aphelops and 
T. indicus, in which the second and fourth metatarsals both acquire ectocuneiform 
facets. The alternating type is developed in the Titanotherium tarsus and some 
other Diplarthra precisely as in the carpus. ach of these types has, of course, its 
functional significance. 


‘We may now consider some of the special characteristics of the manus and pes 
in the five side lines. While observing many features which point back to the com- 
mon taxeopod stem form, there are few or none which indicate any nearer mutual 
affinity than this. 


Il. THE HYRACOIDEA, AMBLYPODA, PROBOSCIDIA, Erc. 


1. HyRACOIDEA. 


An important fact is brought out by the comparison of the feet of Myra and 
Dendrohyrax. The manus and pes are absolutely plantigrade. In both, the carpals 
are arranged in strictly serial order, as described by Cuvier and Cope, although the 
metacarpals show decided lateral displacement. But in the tarsus of Hyrax the 
caleaneum rests exclusively upon the cuboid, and, as in Phenacodus, the calcaneo- 
cuboidal articulation is actually in some cases below the level of the astragalo-navicu- 
lar.* In Dendrohyrax (ZH. arboreus, Princeton Museum), also from the Cape, the 


* These relations were found by removing the skin and fascia from the foot of a dried specimen in the Cope Col- 


lection, De Blainville’s figures of H. cwpensis and I. syriacus show these facets on the same level, 
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astragalus has quite a broad cuboidal facet. The striking difference 
in the pes of these two genera bears directly upon the question of the taxonomic 
value to be attached to these articulations. 

Other features of the feet are the interlocking tibio-astragalar joint, the probable 
presence of a tbiale, the centrale in the carpus, the reduction of mts, I and v in the pes. 


2. AMBLYPODA. 


Cope has described the feet in this order as “ plantigrade” (“Tertiary Vertebrata,” 
p. 507). This term, which has also been generally applied to the proboscidian feet, 
should now be restricted to the types in which the entire foot rests on the ground. 
The Puerco Pantolambda* was probably plantigrade. The position of the meta- 
podials in the Pantodonta and Dinocerata as indicated in the figures of Marsh 
(“ Dinocerata,” p. 184) was analogous, the wrist and ankle joints in each being well 
raised from the ground. Our own study of the tarsals of Coryphodon has, however, 
convinced us that the pes was almost plantigrade, while the manus was semi-planti- 
grade. 

The metacarpals m and 1 are displaced, alternating upon the magnum and unci- 
form. The intercarpal displacement is unique; the lunar has a broad foothold upon — 
the unciform, while the scaphoid has either no magnum facet (Coryphodon, fide Cope) 
or rests by a considerable posterior facet upon the magnumy as in some species of 
Uintatherium. The cuneiform rests partly upon me, v. 

In the tarsus Baur ealled attention to the facet probably for the tbeale upon 
the astragalus of Coryphodon{ and Uintatherium. The displacement is extreme, the 
astragalus extending the entire breadth of the foot in front, covering both the nayicu- 
lar and three-fourths of the cuboid. The astragalar foramen is frequently present in 
Coryphodon (see Cope, loc. cit.) and in Uintatherium (see Marsh, “ Dinocerata,” p. 148). 
The calcaneum has the primitive ectal and sustentacular facets, and the fibula occa- 
sionally came in contact with it (Uéntathertum, Marsh, op. cit., p. 152). The meta- 
tarsal articulation is of the “reverse” type, mts. 1 and rv articulating laterally with 
the ectocuneiform. The Amblypoda with unreduced digits, very short Bi 


* Placed by Cope in the Amblypoda. 

} In his definition of the Amblypoda, Prof. Cope says (‘ Tertiary Vertebrata,” p. 878): ‘‘Scaphoid supported by 
trapezoid and not by magnum, which with unciform supports the lunar.’”’ See also, Amer. Naturalist, Nov., 1884, 
p- 1110. While this definition may apply strictly to Coryphodon, it cannot to Uintatheriwm. Of three carpal series in . 
the Princeton Museum, two show a broad scaphoid facet upon the posterior half of the magnum, the third has none 
In Marsh’s ‘‘ Dinocerata,’’ the lithographic figure on Plate LIV is incorrect ; the wood-cut, Fig. 152, is approximately 
correct ; the scapho-magnum facet is not indicated in Fig, 118, but is well shown in Plate XXXIV, Fig. 5, see page 113, 

¢ Cope, however, separates Coryphodon by the absence of a tibiale, from Bathmodon, in which it is present. — 
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, 


THE MAMMALIA OF THE UINTA FORMATION. 539 


metapodials and peculiar carpal displacement, a foot type adapted to animals of heavy 
bulk, really present a striking analogy to the Proboscidia and an intermingling of 
primitive with acquired characters. 


Phenacodus Alastodon Dendrohyraz 


Drag. 8.—The displacement of the bones of the manus in the Ungulata, I. Phenacodus primevus, from original 
in the Cope collection. Coryphodon hamatus, after Marsh. Dendrohyrax arboreus, from original in the Princeton col- 
lection. Macrauchenia patachonica, after Gervais. Mastodon Americanus from original in Princeton collection. The 
oblique arrows indicate the direction of displacement. 


3. PROBOSCIDIA. 


Weithofer* has recently directed attention to the unique departure from the tax- 
eopod condition of the carpus in this order——the lunar spreading upon the trapezoid, 
7. e., to the ental side, instead of upon the magnum. In Mastodon arvernensis, EHle- 
phas meridionalis and 2. antiquus from one-fourth to one-fifth of the inferior face of 
the lunar rests upon the trapezoid. We find the same condition in Mastodon Americanus. 

This author attributes this to the enlargement of the ulna and its extension upon 
the lunar vs. the radial enlargement in all other ungulates. This displacement is 
variable, since it actually recedes and sometimes disappears (op. cit., p. 615) in the 
adult recent forms (Z. Indicus, . Africanus). Burmeister moreover has figured} 
the carpus of a specimen of M. Humboldtii, in which the lunar spreads both upon 
the trapezoid and magnum. Another primitive feature of the carpus is the recently 


* Einige Bemerkungen iiber den Carpus der Proboscidier. Morph. Jahrb., 1888, p. 507. 
+ Ann. del. Mus. Publ. d. Buen. Ayres, Plate XIV, p. 287. 
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discovered centrale.* The distinctive features of the tarsus have long been recog- 
nized, viz., the extension of the navicular with the astragalus above the cuboid, and 
the fibulo-calcaneal facet. 


4. TOXxODONTIA. 


Prof. Copet has found a striking resemblance to the proboscidian pes in Zoxo- 
don. The astragalar and fibular facets of the short caleaneum are subequal and 
face upwards, the cuboid facet is on the inferior face of the extremity of the calean- 
eum and faces downward. The astragalus has probably no cuboid facet; its 
navicular facet is plane and truncates the bone somewhat inferiorly as well as distally. 
The metapodial elements are robust and short, the distal metatarsal keels are poste- 
rior and rudimental ; the proximal faces have lateral facets indicating a slight dis- 
placement. The number of digits is uncertain, the lateral ones are reduced in 
length, but robust. ‘The posterior feet were more truly plantigrade for the extrem- 
ity of the caleaneum reached the ground.” The instep was raised, forming an arched 
angulate type of foot. If this description is correct, this foot is more primitive than 
that of the Proboscidia. 


5. MACRAUCHENIA. 


- 


The feet of Macrauchenia have some striking peculiarities. The lateral displace- 
ment in the carpus and tarsus so characteristic of all the Perissodactyla is absolutely 
wanting in the tarsus and aberrant in the carpus. As Burmeister pointed out in his 
most recent paper{ (p. 263) a gap exists in the usual point of junction of the calca- 
neum, cuboid, astragalus and navicular. The astragalus is entirely separated from 
the cuboid and even from the caleaneum, the navicular participating in this 
separation. His description and figures strikingly suggest the arrangement of the 
tarsals of the dog in this region. The calcaneum has but two astragalar facets, 
the sustentacular and inferior having coalesced, as in some species of Palwotherium, 
Rhinoceros, and the Hyracodontide ; its distinctive feature is the extensive fibular 


trochlea, very similar to that in the Artiodactyla, and functionally unlike those 
observed in the primitive Equus and Titanotherium series. The carpus is also 


* Riitimeyer, op. cit., page 11, foot-note. 

+ Note on the Structure of the Posterior Foot in Torodon. Proc. Am. Philos. Soc., April, 1881, p. 402. 

$¢ Neue Beobachtungen an Macrauchenia Patachonica. Nova Acta der Ksl. Leop.-Carol. Deutschen Akademie 
der Naturforscher, Bd. XLVU, Nr. 5, pp. 289-267 (Nachtriigliche Beschreibung der Fusswurzel von Macrauchenia). 
Also, Descripcion de la Macrauchenia Patachonica. Ann. del. Mus. Publ., Buenos Ayres, Tom. i, p. 32-66. : A 
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unique, in the fact that while the scaphoid has acquired an extensive magnum facet, 
the lunar is extremely small; the magnum is large and not only excludes the lunar 
from the unciform, but actually has a cuneiform facet. Burmeister describes facets 
for lateral digits upon the pes.* The metapodials are strongly keeled. 

Schlosser} lays great stress upon the primitive character of this animal as shown 
in the serial disposition of the foot bones and the epicondylar foramen of the humerus. 
In his earlier paper (Zool. Anz., p. 683), he placed this genus with the Perissodactyla; 
later he separated it : “ Fasst man alle diese Merkmale zusammen, so kann man kaum 
entschliessen Macrauchenia den Perissodactylen beizuzihlen” (Morph. Jahrb., Bd. 
XIT, 1886, p. 22). Upon this it may be observed that the arrangement of the carpals 
is not serial, as he intimates, but has a peculiar adaptive displacement. The fibulo- 
calcaneal facet may be considered a secondary character (see p. 533). We can in 
fact only conjecture the phylogenetic position of this genus, with its extraordinary 
mixture of characters. Upon the whole it is more nearly related to the perissodactyl 
than to any other phylum, and is possibly an offshoot of the primitive mesaxonic 
stem, separating from the main line at a period corresponding to the Wasatch. 


III. THE PERISSODACTYLA. 


When we examine the Diplarthra as a whole, after reviewing the unrelated and 
widely divergent groups which have already been considered, in which the displace- 
ment of the carpals and tarsals presents little or no analogy, we find in contrast a 
very striking uniformity in the displacement of the upper elements to the outer side, 
z. é., in the carpus, the scaphoid articulates with the magnum in the 
same degree thatthelunar articulates with the unciform; in the 
tarsus, the astragalus invariably extends uponthe cuboid. This 
is the universal law of displacement which is subject to variation in degree only. It 
characterizes the stem forms of every family, and is secondarily modified by growth 
arising from special causes. 

‘We may begin with a type in which the i ahiiccmene is least extreme, and will 
here consider only the Perissodactyla. 


* Op. cit., p. 265, ‘‘Obgleich Macrauchenia nur drei vollstindige Zehen an jedem Fusse besitzt, so sind doch Resten 
von zwei anderen, wenigstens am Hinterfusse vorhanden gewesen, wie die Gelenk-facetten am Astragalus und Navicu- 
Jare, gleich wie am Cuboideum beweisen.”’ 

+ Zur Stammesgeschichte der Hufthiere, Zool, Anzeiger, No. 210, 1885, p. 683. Also, Beitrige zur Kenntnis 
der Stammesgeschichte der Hufthiere. Morph. Jahrb., Band XII, 
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1. Toe Taprr SERIES. 


In Jsectolophus (No. 10,401, Prince. Coll.), from the Uinta beds, we have a genus 
which is in or near the line of the true tapirs. It is represented by the almost com- 
plete carpus and a single element of the tarsus, the cuboid. (See full previous de- 
scription, also Pl. X, Fig. 3.) 7 

The carpus. The elements of the carpus are broad relatively to their height. 
The scaphoid has a horizontal trapezoid facet and slightly oblique magnum facet ; 
thus its main weight is borne by the former bone. The lunar is large and has a, 
slightly larger unciform than magnum contact, but it may be said to rest equally 
upon these bones. The cuneiform divides the upper surface of the unciform with the 
lunar. The magnum articulates with the scaphoid, lunar, trapezoid, unciform, and 
distally with the metacarpalstand ur. The carpo-metacarpal articulation is of the 
usual alternating order. The unciform has inferior facets for metacarpals 1v and y. 

The tarsus. The cuboid is subquadrate in shape when viewed from in front and 
from above and proximally has a small astragalar facet. 

No intermediate forms have been described. The manus and pes of the recent 
Tapirus indicus do not show a very wide divergence from the type above described. 
The scaphoid is enlarged posteriorly and besides its trapezium facet has subequal 
and horizontal trapezoid and magnum facets. ‘The lunar has a relatively larger 
unciform facet, but still rests directly upon the magnum by a horizontal facet which 
is variable in width. The cuboid is subquadrate and partly supports the astragalus. 
The tarso-metatarsal articulation varies in different species. In 7. indicus both mts. 
m and rv abut against the ectocuneiform. : 


Nterodus, ~“Anchtilherium 


Diaa. 9.—The displacement of the bones of the manus in the Ungulata, Il. Sus scrofa, illustrating the 1 
adaptive displacement in the Artiodactyla. Titanotherium (Menodus), from original in Harvard collection ; 
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2. Tur Equus SERIES. 


The equine series is the most complete known, and is well distinguished from 
the others by the fact that the effects of lateral displacement in the carpus, which are 
well advanced in the Eocene members, although never extreme, are subsequently 
counterbalanced, and practically lost sight of, in the growth of the bones in the 
median line resulting from monodactylism. In the tarsus the displacement is very 
limited and is not similarly retrogressive. It is surprising to note the constancy in 
size and shape of the small astragalo-cuboid articulation from the Wasatch [Hyraco- 
therium to the recent horse; secondly, the early appearance of minor equine marks in 
the manus and pes. The displacement or diplarthrism is thus limited in both feet. 
The important secondary characteristic is the backward rotation of the lateral ele- 
ments of the carpus, tarsus and metapodials. 

Carpus. The distinctive feature is the fact that the scaphoid early gains a 
somewhat broader foothold upon the magnum than the lunar has upon the unciform. 
This may be attributed to the early enlargement of me. m1, and ectal growth of the 
magnum. The lunar in the Eocene members retains subequal magnum and unciform 
facets (as in Jsectolophus), but the carpus is laterally compressed. In the more 
recent forms the magnum, by its rapid growth, extends beneath the lunar, and the 
latter bone is thus brought back to its primitive position and rests in some species 
exclusively upon the magnum. 

Hyracotherium and Epihippus. ‘There is no marked difference between the car- 
pus of HZ. venticolum and of Epihippus, excepting the advanced reduction of me. v. 
In Epthippus (No. 10,405, Pl. XI, Fig. 4), the bones of the upper row are elongate. 
The scaphoid is directed backwards and rests distally upon the trapezoid and 
magnum, by subequal horizontal facets. The trapezium contact is very small. The 
lunar has the high and slender proportions seen in Zirzplopus, but the distal facets 
for the magnum and cuneiform are subequal and incline obliquely towards each other. 
The cuneiform is narrow and slender. The trapezium was evidently small, articu- 
lating with the scaphoid, trapezoid and mc. mu. The trapezoid is much flattened. The 
magnum supports the lunar anteriorly and posteriorly. The unciform has an 
infero-lateral facet for the fifth metacarpal. The foot is practically tridactyl, me. v 
being well retracted. The metacarpal articulation is of the alternating type. 

The carpus of Mesohippus has never been described, nor that of any American 
species of Anchitherium. Referring to Kowalevsky’s Memoir (PI. I, Fig. la), we 
observe that the magnum extends beneath three-fourths of the lunar and the same 
proportion of the scaphoid, yet the metacarpal articulation is unaltered, mes. 1m and 
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m1 forming “alternating ” lateral contact with the magnum and unciform respectively. 
Kowalevsky, however, describes me. ur as spreading posteriorly beneath both the 
trapezoid and unciform. Thus the spreading of the magnum has already offset the 
progress of the more primitive displacement. A further step is seen in ipparion. 
If De Blainville’s figures are correct (G‘. eguus) the recent species, H. caballus, 
EF. Burchellii and E. asinus, present three stages in the growth of the magnum be- 
neath the lunar. In the former there is a broad contact between the lunar and unci- 
form, much as in Hipparion ; in the latter there is none at all, the lunar resting wholly 


upon the magnum, as in the primitive serial type. 


Ws Hinnat’ 
Fliolop Hippa. 
2s . 

Drag. 10.—The evolution of the astragalar and calcaneal facets in the Hyracotherium-Hipparion series. Phenaco- 
dus primavus, Cope collection ; Hyracotherium venticolum, Cope collection ; Pliolophus (Orohippus) major, Princeton ay 
collection ; P. (Triplopus) amarorum, Cope collection ; Mesohippus, Princeton collection ; Anchithertwm aurelianen a 
Princeton collection ; Hipparion mediterraneum, Princeton collection. The upper row represents the distal view of th | | aie 
astragalus and calcaneum ; the middle row the posterior view of the astragalus ; the lower row the anterior view 
the calcaneum. a’, a’, a/’’, ectal, sustentacular and inferior astragalo-calcaneal facets. c’, ¢/’, e//’, ditto cale 


astragalar facets. cb, fd, n, cuboidal, fibular and navicular facets upon astragalus and calcaneum. 2, fossa 
astragalo-navicular facet. ? Pe ay mh wit 


The reduction of the metacarpals is too familiar ground to require des 
here. | a 
Tarsus. In the tarsus we fortunately have a complete series from Hyracot é 
upwards. We begin with a tridactyl pes, although in the Wasatch spec 
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validus (Marsh), there is a remnant of mt. 1.* In the Hocene genera the separate 
elements are very narrow and vertically elongate ; later the elements become broad 
and spreading. A primitive and persistent feature is the triangular cuboidal facet 
upon the astragalus (see Diag. 10). Another marked characteristic, early devel- 
oped, is the reduction in size of the “inferior” astragalo-calcaneal facet and its wide 
separation from the “sustentacular.” An important equine mark is the depression or 
fossa in the astragalo-navicular facets ; this is a slight valley (v) in the Bridger spe- 
cies of Hyracotherium, which is variable in size but constantly increasing in the 
ascending series, terminating in an extensive fossa, in Hquus. 

There are, moreover, a number of minor tarsal features not always persistent but 
of great value in diagnosis; the three astragalo-calcaneal facets (c, c’, c’”) are always 
separate, the trochlear groove is deep and sharp. In many Eocene species the navicu- 
lar is inserted anteriorly between the cuboid and astragalus and thus develops a dis- 
tinct calcaneal facet ; this feature does not persist. In all Eocene specimens the cal- 
caneum has a distinct pit for the fibula, in extreme flexion ; this is usually facetted ; 
it reappears in Mesohippus and sometimes persists in Anchitherium.+ 

The metatarsal articulations pass through three distinct types. In the Eocene 
genera we find the “alternating ” type, in the Miocene the “ plane serial,” replaced 
later by the equine type. 

Hyracotherium venticolum, Pliolophus and Hpihippus, the Hocene genera, may be 
considered together. The first species from the Wind River is distinguished by the 
absence of the fossa in the astragalo-navicular facet (Cope, “Tert. Vert.,” p. 645); this 
fossa is more or less distinct in five small and two large astragali (P. pumilus and 
P. major), in the Princeton collection, from the overlying Bridger, and very distinct 
in the P. (Triplopus) amarorum of the still more recent Washakie (Cope Coll.). 
The fibulo-caleaneal pit is present throughout, but is not invariably facetted. The 
naviculo-calcaneal facet is not present in ZZ. venticolum; it appears in P. major and 
P. amarorum, but not apparently in P. pumilus. The highly compressed tridacty] 
character of the foot is retained throughout. The mts. 1m and tv articulate exclu- 
sively with the ectocuneiform and cuboid respectively. Mt. m articulates proximally 
with the mesocuneiform, also laterally with the ento- and ectocuneiforms. These 
relations are seen in /Z. venticolum and in P. major. In P. amarorum, mt. Iv articu- 
lates laterally with the ectocuneiform. This species is also distinguished by the 
flattening of the navicular and cuneiforms and relative shortening of the cuboid. 


* Marsh, Am. Jour. Sc. and Arts, Nov., 1876, p. 401. 
- 4This facet is well marked in a calcaneum lately received in exchange from the Paris Museum, marked A, aure- 


lianense, from Sansan. See Diag. 10. 
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Through the Eocene series, the lateral toes are not more rolled backwards than in 
HT. venticolum. 

In Mesohippus, the most marked development is seen: first, in the flattening of the 
cuneiforms; the entocuneiform is united with the mesocuneiform, but does not sup- 
port mt. 11; second, the tarso-metatarsal articulation is absolutely of the plane serial 
type; third, the lateral digits and corresponding tarsal elements are rolled backwards 
so that the outer elements are almost or quite in contact posteriorly, the cuboid 
touching the entocuneiform. The fibulo-calcaneal facet is always distinct. In the 
astragalus the ectal and sustentacular facets become nearly confluent; the astra- 
galo-cuboidal facet is reduced to a small narrow triangle placed in front. The seven 
astragali examined (Princeton Coll., No. 10,255), apparently represent two species, 
in one of which, the smaller, the fossa upon the astragalo-navicular is faint; the 
larger species shows this fossa very distinctly (Prince. Coll., No. 10,256). This 
may, however, be not a specific but an age character. 

The serial metatarsal articulation is an extremely interesting feature, when we 
compare this tarsus with that of Hyracotherium and Pliolophus ; it precedes the growth 
of mt. mr upon the cuboid in Anchitherium, an altogether different process from the 
lateral displacement seen in the above Eocene forms. 

It is not necessary here to go over in detail the ground made familiar by the 
memoirs of Kowalevsky and Forsyth Major,* of the subsequent evolution of the 
pes; in fact, the material from American strata for such a purpose is not at present 
accessible. 


3. THe Hyracuyus, TrrpLopus, Hyracopon SmRIES. 


There is an intermingling of rhinocerotic and equine characteristics in the teeth 
and feet respectively of this series, which give it an especial interest and separate it 
widely from both the above stocks. It has nothing in common with the tapir series. 
either in the structure of the teeth or feet, and unlike both the tapirine and equine 
lines, little is known of the sub-Bridger forms, and there is no parallel Huropean 
phylum. . 

The general characteristics of the carpus and tarsus are the vertical elongation 
and lateral compression of the elements of each and the close union of the metapo- 
dials in some of the later forms, which, while tridactyl, renders the foot in some 


s 


forms functionally monodactyl. 


* According to Kowalevsky (Anchith., Pl. II, Fig. 20A... ), the ecto- and mesocuneiforms unite in Anchitherium, — 
but are distinct in Hipparion (Anthracother., p. 164). According to Forsyth Major (Beit. z. Gesch. d. foss. Pferde, I 
Th., p. 62), the union of cu. 1 and 2 is the rule and of cu, 2 and 3-the rare exception. 
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Carpus. In the tetradactyl Hyrachyus we find all the distinctive features of 
the carpus in this series are practically attained, these resulting from the great lateral 
displacement. Thescaphoid has a very narrow trapezium facet and broad and 
decidedly oblique trapezoid facet; it rests broadly upon the magnum. In the 
lunar the radial facet is shallow; it is compressed below, with a narrow oblique 
anterior facet upon the magnum and broad subhorizontal unciform facet. The 
scaphoid and lunar thus rest principally upon the magnum and unciform. The cune- 
iform presents a small ulnar facet, this bone being rather slender. ‘The trapezoid has 
a broad trapezium facet. The magnum has a narrow and oblique lunar facet. The 
unciform is a very characteristic bone since its vertical is greater than its transverse 
diameter. It nevertheless has a narrow facet for mc. v, which, according to Cope, is 
considerably the most slender. | 

Taken altogether the vertical and transverse diameter of the carpus is about the 
same. 

In TZriplopus the vertical diameter of the carpus is slightly greater than the 
transverse, the metapodials and carpals are somewhat rolled backwards so that the 
anterior face of the manus is strongly convex. very feature in which the manus 
departs from that of Hyrachyus is in the direction of greater elongation and lateral 
displacement. The scaphoid is narrow and has a very oblique trapezoid facet ; 
its main weight descends upon the magnum. (The small trapezium and the trapezoid 
are missing in the Princeton collection.) The lunar rests entirely upon the unciform, 
its contact with the magnum anteriorly is by a vertical facet, variable, never in the 
nature of support, sometimes entirely wanting. The cuneiform, like the scaphoid, 
is rotated backwards. Judging by the facets upon the me. mu and the scaphoid, the 
trapezoid was laterally compressed. The vertical diameter of the unciform exceeds 
the transverse; it still bears a considerable me. v facet. 

In Hyracodon, the carpus repeats the structure of Zriplopus upon a larger scale. 
The proportions of the metapodials are approximately the same ; the proximal por- 
tion of me. Vv persists but is very much reduced in size. The magnum has rela- 
tively increased in size, but still has a very limited contact with the lunar anteriorly. 
The trapezium is small and has no contact with me. u. The vertical diameter of 
the unciform much exceeds the transverse; the cuneiform is also high and very nar- 
row. The degree of backward rotation of the lateral elements evidently varies in 
the different species. 

- Tarsus. In the astragalo-cuboidal articulation, in the number and disposition 
of the digits and in the shape of the terminal phalanges, this series closely approaches 
the equine series, and, in some cases, can be distinguished only by very careful 
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examination.* The diagnostic features of the members of the Hyrachyus series are 
the relatively flat or obtuse keels of the trochlea and the frequent confluence of the 
sustentacular and inferior caleaneal facets of the astragalus. The same facets are 
invariably separate in the equine series, beginning with Hyracotherium. The Hyra- 
chyus caleaneum occasionally shows a pit for the fibula, but this does not bear a facet 
as in nearly all the equine series. ? 


Beg 


Dirac, 11.—The astragalar and calcaneal facets in the Hyrachyus-Hyracodon series. Paloplotherium m 


Princeton collection. Hyrachyus (sp. indet.), Princeton collection. Triplopus obliquidens, Princeton collection. : 
codon major, Princeton collection. 3 | eee 


Hyrachyus (No. 10,199, Princeton Coll.). The cuboidal contact witl 
astragalus expands posteriorly, but is very narrow anteriorly in some 8] 
(EZ. princeps), bringing the navicular into contact with the caleaneum precise 
some species of Hyracotherium (Triplopus amarorum) ; as above stated th 


*T have referred the Triplopus amarorum of Cope, from the Washakie beds (uppermost Bridger), | 


series, ‘. , ana “ a 


a 
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but two calcaneal facets, the inferior and sustentacular being confluent; the variants 
in these facets, seen by comparing a large number of astragali, are found to be: 
(1) The greater or less union of these facets, looking towards a more primitive form 
in which they were probably separate ; (2) the presence of a small ridge, 7, at the point 
of junction, looking towards the well-developed ridge in the later forms (yracodon). 

The calcaneum presents a very long slender tuber, three.astragalar facets and an 
extremely narrow and deep distal cuboidal facet. The cuboid is correspondingly 
narrow and elongate, in the small species compressed in the middle, and with no trace 
of a facet for mt. v and little or no contact inferiorly with mt.1m. The ectocu- 
neiform is elevated and has a lateral facet formt.m. The mesocuneiform 
is small; according to Cope, “the entocuneiform is large, flat and posterior 
in position.” * 

Triplopus (No. 10,397, Prince. Coll.). Although the pes as a whole is very nar- 
row and slender, the trochlea is much shallower than in the equine series (Diag. 11, 
Plate XI, Fig. ‘)); the cuboidal contact narrows anteriorly to a point, but the navicu- 
lar is excluded from contact with the calcaneum; the inferior and sustentacular 
facets are cither confluent or closely approximated and vary in. the development 
of the ridge (r). The caleaneum has a narrow and oblique cuboidal facet, a 
long laterally compressed tuber and narrow sustentaculum; there is no trace of a 
fibular facet. The cuboid is compressed in the middle as in Hyrachyus, elongate 
and with a relatively small distal facet for mt. Iv, indicating that this digit was 
‘much reduced. The navicular is very deep and laterally compressed. The meso- 
cuneiform and entocuneiform are wanting in the Princeton collection. The ecto- 
cuneiform articulates with mt. mr only, indicating that the metapodial articulation 
was absolutely et the lateral toes were rotated backwards precisely as in _Anchi- 
therium. 

Hyracodon + (No o. 10, 397, Princeton Coll.). In this genus we find an exact repe- 
tition of the tarsus of Hyrachyus in considerably heavier form than in Zriplopus, and 
with few modifications. The astragalus has the same limited cuboidal contact ; 
the three calcaneal facets are nearly confluent, the “sustentacwar” and “inferior” 
are fully so and a sharp ridge at their point of junction interlocks with a correspond- 


* Tertiary Vertebrata, p. 659 ; H. eximius. : 
_ +On the Skullo the Eocene Rhinoceros, Orthocynodon, and the Relation of this Genus to other Members of the 
Group. E. M. Museum Bull. No. 3, 1883, p. 17, ‘‘Hyracodon was a slender, long-limbed and slightly built animal 


i with a long neck and delicate head. Its proportions were those of a Horse rather than of a Rhinoceros.’’ p. 20, ‘In 
short, it was a cursoriul Rhinoceros, and all its modifications went towards adapting it to swift locomotion *  * = * 


One can hardly help believing that had this line persisted, it would have resulted in wa unidigital type, just as the triduc- 
> otyl Anchitherium of the Miocene has terminated in the Horse.””—W. B. Scorr. 
.S.—VOL. XVI. 3r. 7 ; 
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ing depression in the caleaneum. The navicular is shallower than in Tr¢plopus, 
resembling closely that of Hyrachyus,: and showing facets for three cuneiforms. 
The cuboid is elongate and compressed in the centre as in the above forms, and 
articulates distally with mt.1v only. The ectocuneiform has a lateral facet 
inferiorly for mt. 1 (unlike Zriplopus), thus reverting to Hyrachyus. The meso- 
cuneiform is correspondingly shortened, while the ent ocuneiform is flattened 
and rotated backwards as in Hyrachyus (No. 10,005, Princeton Coll.). 

In the pes of Paloplotherium we have a striking resemblance to that of Z'rzplo- 
pus, and of tle Eocene horses except for the greater reduction of the lateral toes. 
This is simply an example of parallelism, for the teeth* show no affinity to either of 
these lines. The lateral digits are as far reduced as those of Hipparion.t 


4, Tur Ruroceros SERIES. 


A,.— Aceratherium. B.—Aphelops. 


The comparison of the carpus and tarsus in the hornless rhinoceroses of the 
American Miocene shows a wide divergence between the <Aceratherium (lowermost 
Miocene). and Aphelops (uppermost Miocene) series.- The Aceratherium feet are ex-— 
tremely elongate, with the toes closely compressed, reminding one strongly of the 
feet of the pseudo-rhinoceros, Hyracodon, from the same beds. The more recent — 
Aphelops is generally considered a successor, but shows a widely different type of 


* Schlosser (Beitrige z. Stammesg. d. Huft.) points out the anomalous mixture of primitive and secondary | char- ; 
acters in this genus. The premolars are reduced in number, #, but simpler than the molars, while the a crowns 
are more advanced than those of Palewothertum, showing cement. 


+Lydekker (Cat. Foss. Mamm., Part IV, p. 16) follows Flower in uniting Puloplotherium minus and Pataatherium 
(see Cat. Roy. Coll. Surg., Part II, Mammalia, p. 390). The ground assigned is the presence of a *‘ complete t 
tion between the two types.”’ On precisely similar principles we should unite Hyracotherium venticolum with Me 0 
pus ; nay more, because the American genera undoubtedly belong to one line of descent, whereas the two Fre 
genera, judging by the extremities and teeth, belong to different lines. Further, is nomenclature actually simp! 
when a genus is made so comprehensive as to extend over long geological and wide geographical areas, emb 
such a variety of forms that it becomes necessary (vide Rhinoceros and Paleotherium, opera citata) to arrang' e th 
cies into groups? We think not. Genera can no longer be defined in the Linnwan sense. Lamarck, a cer 
anticipated the difficulties which would arise when the gaps between Cuvier’sand Buffon’s genera were ‘fil 
range of variation which should be included ir a single genus is largely a matter of arbitrary judgmen 
the problem been more, perplexing than among the unbroken series found in the western Tertiaries. T : 
the present, have adopted the rule long since employed by Marsh and Cope, viz, differences of degree, 
tion, may be taken as specific ; differences of kind (in the number of teeth or digits) or of actual form 
sumption of the molar pattern by the premolars), may be taken as generic. This rule, when applied, ‘for 
the horse series, is fonng, to mone cilia o> bey of thy: ieerdahers of the Gepost is characterized by a 


~s 
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foot, which is highly “ modernized.” The relations of: these genera to the European 
forms is somewhat uncertain, sO that the following observations apply especially to 
the above American genera. 


Amynod= Aceralh = Apleel = 


Te 


we em mw enews 


Drag. 12.—The m satmpeslay and calcaneal facets in Amynodon, Aceratherium and Aphelops. All species indeter- 
‘minate. 


A ie 


: a pat acca (Coll. Mus. Comp. Zoi). “The _general characteristics of 
a “ths feet are lateral compression and vertical elongation of the carpal and tarsal ele- 
ments and the elongate character of the metapodials. The carpus shows the same 
— degree of lateral displacement seen in the tapir. The scaphoid is subquadrate, 
resting by a broad and slightly oblique facet upon the trapezoid. The lunar has a 
broad Baciiorny facet, but retains a small horizontal facet upon the pees 0S 


are is a stout Hae raceglrats iiiaty Bi ative beneath the lunar 


pet the mspient pak Bea Pes i, is so Rely developed in 
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fourth are slightly smaller; the unciform facet indicates that me. v (missing in this 
collection) had about the same relative size as in the tapir. 
The tarsus. The astragalus rests by a rather narrow facet upon the cuboid ; 
this facet, is equally broad posteriorly and anteriorly, as contrasted with the Hyra- 
codon and equine series on the one hand and the Palwosyops series on the other. The 
arrangement of the calcaneal facets is shown in Diag. 12. The caleaneum has a long 
slender tuber expanding into a knob. The cuboid has its vertical diameter exceed- 
ing the transverse, unlike all the more recent rhinoceroses. The articulation of the 
third and fourth metatarsals with the ectocuneiform and cuboid is of the “ plane 
serial” type, but mt. 1r abuts against the ectocuneiform. 
B.—In Aphelops the carpus and tarsus are very broad and spreading and show 
the extreme of diplarthrism. In both, the metapodial articulation is of the primitive 
“alternating” type. The toes spread widely, being reduced to three in each foot. 
Carrus (see Diagram 8). The scaphoid is very broad, covering the whole ante- 
rior surface of the magnum, while the lunar rests anteriorly upon the unciform alone, 
posteriorly upon the pivotal process of the magnum. A remarkable feature of this 
bone is its unique articulation with the magnum hook posteriorly. The great devel- 
opment of the middle toe and relatively increased size of the magnum, renders the 
scapho-magnum surface broader than the lunar-unciform. Facets for the trapezium 
are seen upon me. 1z and the trapezoid. The trapezoid and magnum facets of the 
scaphoid are subequal and horizontal, directly transmitting the weight. Me.m abuts — 
proximally against the magnum; me. m1 is much Jarger than the lateral metacarpals 
and has a very broad unciform facet. There is no trace of a facet for me. Vv. 
This type of carpus is precisely similar to that of R. unicorns and R. en 
as figured by De Blainville. aos 
Tarsus. The astragalus is broad and low with a shallow trochlea, ate ‘yrds ae 
cuboidal facet, which is as large as that upon the caleaneum; a characteristic feature — 
is the ental extension beyond the three distinct calcaneal facets. The calcaneum | ap 4 
characterized by a short tuber calcis and very slender sustentaculum; the three a 
galar facets are separate and rather small. The transverse diameter of the cubo do 
greater than the vertical. The mesocuneiform is much reduced. The mts. 1 nd ik 
have lateral facets upon the ectoctmenform and cuboid respectively of the “a = 
ing” type. ee 
This type of tarsus is found in R. unicornis and R. bicornis, lich are, he ; 
less broad and spreading. These recent genera differ from Aphelops and 1 
Acerathertum in the mode of metapodial articulation, the mt. mr not poss 
cuboidal facet. Tn fact wie cuboidal facet upon mt. 1 i in Breads i 8s is ce nt yu 
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5. Ture Patmosyors, DipLacopon, TITANOTHERIUM SERIES. 


The general characteristics of the feet in this series are the following: The carpus 
is broad and flat, and the lateral displacement is limited : there are four spreading and 
fully functional toes. In the pes on the other hand the cuboid extends rapidly 
beneath the astragalus, the lateral displacement being very rapid. The calcaneum 
has a fibular facet. The terminal phalanges are flat and spreading distally. 

Carrus. In each of the carpal elements in the genera of this series we invari- 
ably find (excepting in the lunar of some of the Bridger species) that the transverse 
diameter exceeds the vertical, in a ratio increasing as we ascend. The lunar can 
always be recognized by its nearly subequal magnum and unciform facets, and the 
unciform by its broad facet for me. v. 

Paleosyops (No. 10,013, Princeton Coll.). There are two distinct types of 
feet which may be here referred to Palcwosyops, but cannot with certainty be deter- 
mined specifically. One belongs to a large and heavy form with short, stout digits 
(possibly P. major Leidy, or P. validens Cope), the other to a lighter, more graceful 
animal with long, rather slender digits (possibly P. paludosus Leidy). There is a 
third type, intermediate in size, between the above, but showing the heavy propor- 
tions of the large type. The scaphoid has subequal magnum and trapezoid 
facets, and, in its somewhat oblique position, transmits its weight equally to both 
elements. The lunar has a deep radial facet; it is wedge-shaped inferiorly; the 
direction of its magnum and unciform facet varies in the two types from a sharper 
to a more obtuse angle; thus, in the lighter forms the magnum facet is small and 
strongly inclined, while in the heavy forms the same facet is larger and more horizon- 
tal ; corresponding variations are found in the superior facets of the magnum; 
taken together they determine the degree of transmission of the weight through the 
magnum and unciform respectively. The trapezium sustains no direct pressure, 

_ but articulates with the scaphoid, trapezoid and me. mu. The trapezoid receives 
half the weight of the scaphoid. The unciform is very broad, resting inferiorly 
upon the me. mi-yv. The variations in the metapodials between the heavy and slender 
types are strongly marked. 

co Diplacodon. The scaphoid, lunar and cuneiform of a carpus have been collected 
from the Uinta which agree so closely with the corresponding elements in the slender _ 
type of Pala«osyops above described, that they require no further description. They 
belong either to a small species of Diplacodon, much smaller than the D. elatus of 

Mi rsh, or to a persistent species of Palwosyops. The only departure from the above 


as 


554 THE MAMMALIA OF TIIE UINTA FORMATION. 


type is in the slightly increased massiveness, which might well represent individual 
variation. 

The metapodials of a right manus of Diplacodon are well preserved; they are 
long, relatively slender, and spreading, interlocking closely proximally and keeled 
upon the posterior distal faces. 

Titanotherium (Coll. Mus. Comp. Zool. of Cambridge). The growth of the lunar 
and magnum are the distinctive features of this carpus.. The lunar presents two — 
distal subequal facets for the magnum and unciform respectively. The cuneiform 
is relatively somewhat reduced, while the scaphoid is enlarged and rests by two 


nearly horizontal facets upon the trapezoid and magnum. Zi 


- 
'y 


a 
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Drage. 13.—The astragalar and eainarthal facets in the Palteosyope:Hieactherat sel 
ton collection ; Diplacodon ? elatus, Princeton collection ; Titanotherium (sp. inde 


Parsus. Ae bs special J haedcromanen of the tarsus, i in 3 é 
| mentioned, are ° the wider beers: of the three as agalo-ca 
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calcaneum so that the tibia articulates with the latter in Diplacodon and Titanothe- 
raum. ‘The fibulo-caleaneal facet in Palwosyops increases to a considerable size in 
Titanotherium. The cuboid and other elements of the second row of tarsals are 
rather broad. The metatarsal articulation is secondarily of the alternating type. 

Paleosyops. The astragalo-calcaneal facets together present a broad surface for- 
the cuboid and navicular, between the bones is a gap which is bridged by the cuboid. 
The astragalo-cuboid facet is slightly narrower behind than in front. The calca- 
neum has a small fibular facet, and distally presents a broad oval face for the cuboid. 
The cuboid is subquadrate in proportion, much as in the tapir series, and presents a 
sharply defined astragalar facet ; distally it rests upon mt. Iv, and presents a variable 
facet anteriorly for mt. m1. The ectocuneiform is also subquadrate anteriorly and not 
only supports mt. m1, but has a broad facet laterally for mt. 1m. The mesocuneiform is 
thus somewhat flattened. The entocuneiform is not preserved in the Princeton 
collection. 

Diplacodon. The tarsus (Plate VIII) is represented merely by an astragalus 
and calcaneum which are somewhat crushed, but nevertheless present important 
transition characters. Thus the fibulo-calcaneal facet is much larger; the tibia ex- 
tends from the astragalar trochlea upon the caleaneum; the tuber calcis is very long 
and laterally compressed. In the astragalus the trochlea is deep; the three cal- 
caneum facets are much reduced ; the cuboidal facet is broader anteriorly and nar- 
rower posteriorly. There is thus an intermingling of Paleosyops and Titanotherium 
characteristics. Viewed together, however, these bones are elevated and laterally 
compressed, indicating a high and rather narrow pes. With the metacarpals above 
described, we may infer that Dzplacodon had gained greatly in height upon Pale«o- 
syops without having acquired any of the massive proportions of Zitanotherium. 

Titanotherium. The tarsus is very broad and flat, the metapodials spreading 
widely. In the astragalus the trochlea is shallow, the inferior caleaneal facet is, 
greatly reduced and is confluent with the cuboidal facet ; the latter is broad in front. 
and tapers to a point posteriorly. The gap between the astragalus and calcaneum, » 
observed in Palwosyops, is here greatly enlarged, the cuboidal contact with both as- 

tragalus and calcaneum is interrupted by slight surface depressions, analogous to the 
“navicular fossa” in the horse. The tibia and fibula both have calcaneal facets. By 
the broadening of the cuboid the navicular is greatly reduced. The cunciforms are 
flattened.: Mt. rit has a broad contact with the cuboid, and mt. 1m with the ecto- 
 euneiform. Ran 


—- 
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In a general review of the above series, we observe practically the same type of 
intercarpal articulations in all tetradactyl and tridactyl forms irrespective of the geo- 
logical period to which they belong. Thus the tapir manus is a persistent example 
of a type developed independently, at different periods, in Hyracotherium, Hyrachyus, 
Aceratherium and Palwosyops. The tridacty] rhinoceros, with Zriplopus, Hyraco-' 
don and Palcotherium present another type. The significance of this parallelism is 
discussed in another section. 

In the tarsus we find a striking analogy between the equine and Hyracodon 
series. In another series may be grouped all the remaining Perissodactyla. 

There is actual disproof of Kowalevsky’s generalization as to the bearing 
of the spreading of the metapodials upon the survival of the fittest, in the non- 
spreading of the metapodials at an important stage in the development of the horse 
series (see p. 546). In fact we can trace no connection between certain foot struc- 
tures and survival in perissodactyl phyla. We must either with Schlosser (op. cit., p. 
121) regard the inadaptation of the teeth to the changes in the character of the food 
as the cause of extinction, or rather look at the organization as a whole in its rela-" 
tions to the changes both in food and to the rapid increase of Carnivora and com- 
peting Herbivora. 


IV. THE CLASSIFICATION OF THE UNGULATES. 


This detailed comparison certainly supports in a measure Riitimeyer’s* designa- _ | 
tion of the foot bones as a “ verschiebare mosaik,” and raises the question as to how — 
far these articulations can be employed in classification. “With all the direct con- a : 
tradictions in Cope’s system urged by Ritimeyer and others, which are here eae 
out, there still remains the universal principle that in every step of transition from 
the primitive plantigrade foot towards digitigradism, some form of cieplasainatee 


from the serial order, or interlocking of parts, took place. This proceeded not 
Rea put along certain pete: lines, conforming in general to the suecession 


of Cope’s system, since adopted by Marsh, and many of the younger schoo 
ontologists, rests upon a secure basis of fact. The real problem is, thereft 


* Ueberveinige Beziehungen z. d. Saugethiers{ammen alter u. neuer Welt.  Lurich; 1888. 95 3 
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clude the variable elements, and ascertain those which are constant in the ordinal 
divisions ; of course, no sharp lines of division, such as were apparent to the older 
naturalists, exist as we descend in the mammalian series. 

First: We observe that while the metapodials play an important part in the dis- 
placement, the separate metapodial articulations are not available 
for taxonomic purposes in the larger divisions above the Protungulata. In 
the carpus there are practically but two types of articulation, the “serial” in the 
absolutely primitive and in some later forms, and the “alternating” in all but the 
highly specialized “adaptively reduced” Artiodactyla. There are no stages which 
are of more than family value.* In the tarsus the primitive serial type is retained 
almost unmodified in the Proboscidia and Hyracoidea, and in the early equine and 
Hyrachyus series it passes into the “plane serial,” and into the alternating in the 
Paleosyops series.+ The remaining Diplarthra show great. variation in the mode of 
metatarsal articulation, so that there is no single type characteristic of all the genera 
of the Zapiride or Rhinocerotide ; Aphelops, Aceratherium, Atelodus and Rhinoceros, 
each has a different type of metatarsal articulation. 

Second: In the tarsus Prof. Cope’s definitions and principles 
will not strictly apply, first, because the astragalus extends over the cuboid 
- in some of the earliest and not in some of the more recent Mammalia, and this dis- 
placement is thus by no means distinctive as between the lower and higher types. 
The astragalus extends upon the cuboid in one or more members of the “taxeopod ” 
Hyracoidea (Dendrohyrax) and Condylartha (Periptychus), and in all the Ambly- 
poda, to a much greater extent than in many of the diplarthrous Perissodactyla (see 
the Hquus, Hyrachyus, Paloplotherium series, p. 548). 

As Ritimeyer points out, there is no parallelism between the diplarthrism of the 
fore and hind feet—diplarthry-may be rapidly developed in one while taxeopody per- 
sists in the other. ‘This arises from the fact that the mechanical problems of adapta- 
tion to the unguligrade position are (lissimilar in the fore and hind feet owing to the 
difference both in the arrangement of the bones and in the motions. Among the Hy- 
racoidea, Hyrax is a taxeopod in both feet, while Dendrohyrax has a taxeopod manus 
e and diplarthrous pes. In the Proboscidia the manus is nearly serial, sometimes 
completely so, while the pes is invariably diplarthrous, although well distinguished 


er ote Kowalevsky’s ‘‘adaptive reduction’ arises independently in the Bunodonta and Selenodonta. 


te + There are some other marked illustrations of the variable nature of the podial articulations. The confluence of 
me one or the other of the three astragalo-calcaneal facets is subject to specific variations ; compare R. incisivus and R. lep- 


: ii torhinus (De Blainville, Osteogr.). Compare the astragalo-cuboidal facets in Tapirus americanus and T. indicus. The 


ae 
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by the movement of the navicular above the cuboid. Cope has himself recognized 
the difficulty arising in the Amblypoda from the union of limited diplarthrism in 
the carpus with extreme diplarthrism in the tarsus. In Macrauchenia we find a pecu- 
liar displacement in the carpus and no astragalo-cuboidal contact in the tarsus. 


The fibulo-calcaneal facet may be regarded as a secondary character, since it is” 
developed independently in so many phyla—as a trochlear joint in Meniscothervum, 
Macrauchenia, the Artiodactyla; as a supporting facet in the Proboscidia, Titano- 
theride and Hyracotheridee. It cannot be employed in ordinal classification (vs. 
Cope, Tert. Vert., p. 378). 


Third: The definitions based upon the carpal series cannot 
be availed of strictly as employed by Cope.* For (1) m some™ 
of the Amblypoda (U¢ntathertum) the scaphoid has a bro ad posterior facet upon the 
magnum, although of less extent than the lunar unciform facet. (2) In the Probos- 
cidia the lunar frequently rests upon the trapezoid, and sometimes upon both the 
trapezoid and unciform. (3) In Macrauchenia the lunar is entirely excluded from 
the unciform, the cuneiform resting upon the magnum. 


A comparison of the entire evolution of the carpus and of the tarsus shows that the 
former, while more complex, is subject to more definite laws, and is therefore more 
available for purposes of classification. ‘The carpal characters are constant and dis- 
tinctive, but not exactly as interpreted by Prof. Copet—we must look at the manus" 
as a whole, including the metacarpals. The tarsal displacements can be employed for ie a 
subsidiary definition only. It has thus been shown that Cope’s whole system breaks: ee 
down if we attempt to establish a parallel between the evolution of the cal gy an a: 
the tarsus in relation to displacement. - 


ee 


With these limitations the principle of classification of the ungulates" 


means invalidated to the extent held by Riitimeyer.{ Giving the first rank - 
characters of the TBD y and second to those of the pes, the following ‘mor 


* Tertiary Vertebrata, p. 376. 
a SRY. Vertebrata, p. 377. “In the: first Poe I find the ayers in the structure of the nae 


words the trapezoides and magnum are more variable i in their proportions than is the cuneiform. * Ps / 


view the relations of these bones as more characteristic.”” In the succeeding Renuion, Me this view ss 
untenable. ie 


t Op cit., p. 18. 
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cation of Cope’s table is proposed; several subordinal characters being omitted 


for brevity : 


A.—a. Carpals serial. 
I. TAXEOPODA. 


1. Primitive. Protungulata. 


¢. Plantigrade. 
e. Tarsals serial. 
6. Metapodials serial. 


2 Intermediate. Condylar- 


thra. 
c. Subdigitigrade. 
é. Tarsals serial. 
6. Metapodials displaced. 
3. Recent. H yracoidea. 
c, Plantigrade. 
.é. Tarsals serial or displaced. 
b. Metapodials displaced. 


B.—a. Displacement of first wpon sec- 
ond row of carpals not uniform. 
b. Metapodials displaced. 
II. AMBLYPODA. 
c. Semi-plantigrade, plantigrade. 
d, Lunar upon cuneiform. 
e. Astragalus upon cuboid. 
III. Proposcrpra. 
c. Semi-plantigrade, 
d. Carpals serial, or lunar upon 
trapezoid. 
e. Astragalusand navicular upon 
cuboid. 
IV. (MAcRAUCHENIA. ) 
ce. Digitigrade. 
d. Scaphoid and unciform upon 


0.—a. Displacement of first upon second 


row of carpals uniform.* 
b. Metapodials displaced. 
ce. Digitigrade to unguligrade. 
e. Tarsals more or less displaced. 


“V. DIPLARTHRA, 
1. Perissodactyla. 


f. Mesaxonic. 

c. Carpal displacement extreme in 
reduced forms. 

e. Astragalo-cuboidal facet flat. 


2. Artiodactyla. 


f. Paraxonic. 

a. Carpal displacement limited in 
reduced forms. 

é. Astragalo-cuboidal tages gingly- 


magnum. moid. 
e. Tarsals serial. 


The position of the Toxodontia and of Macrauchenia is doubtful. 
The three subdivisions above employed (A, B, C) bring out what appears to be 
_a fundamental distinction between Orders IT, III, lV and V. The significance of 
the diverse carpal displacement in the Artiodactyla and Perissodactyla is shown in 
the next section. : é 


V. THE PRINCIPLES OF DISPLACEMENT. 


The evolution of the manus and pes of the ungulates included the following 
processes: (1) Hlevation from the plantigrade to the digitigrade position ; (2) 
growth of certain elements and reduction of others, including the loss of lat- 
eral parts; (3) displacement of the elements of the podium and metapodium from 
the primitive serial arrangement; (4) coalescence of parts primitively distinct. 

_ All these processes interacted upon each other, and so far as they can be distinguished, 
| ee place, for the most part, in the order named. That is, elevation usually preceded 
the metatrophic or unequal growth of parts and the elongation or vertical growth of 


bs: the metapodial elements involved the mutual Pebiacetnens or interlocking of the 


- podials and metapodials. The effects of these processes were in the nature of adapta- 
_tions yal with changes i in the entire body en were induced vy the habitat, 


80 this Memoir, p 541. The eas Ataigmenal = = lunar aes facet. 
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food and escaping enemies. Kowalevsky* and Riitimeyert have treated these factors 
very fully. Then there were the changes in the movement of the limbs with refer- 
ence to the axis of the body ; for example, in the evolution of the horses Kowalevsky 
has directed attention to the atrophy of muscles which rotated the fore limb, resulting 
finally in a direct fore and aft motion. Another factor was the transmission of the 
weight unequally through the bones of the lower leg, as one or other of these ele- 
ments grew or became reduced. Finally there were the influences which the reduc- 
tion of the lateral digits in the artiodactyl and perissodactyl series exerted upon the 
central digits and upon the podial elements by modifying the principal lines of “ im- 
pact and strain.” 


Tue Manus. | pat 


It has been shown that the modifications of the manus are more complex and yet 
proceed along more definite lines than those’ in the pes, and in spite of the great 
variety of influences exerted we can discover certain fixed laws of modification. — ‘ ek 4 & 

1. Relations of growth, reduction and displacement. As displacement changes — 
the vertical relations of the three rows of podial elements to each other, i 
that there must be concomitant growth in some elements and reduction i 


placement of an element, however, involves a principle distinct trot mere > grow! 
and is an actual shifting or “rotation” process, although not to the degree m 
tained by Cope,{ is shown by a number of facts. First, as to the chief fa ; 
each process. Growth is more directly brought about by vertical pressure, 
the magnum of the Equidx ; and displacement, by lateral strain, as seen in 
ing of the metapodials to the ectal side of the cai ‘pus. Displacement i isa 
arrested in such a series as Hyracotherium, where the fore limb acquired ¢ 
movement and, the entire vertical Biseae passing ae the median 


sea. for the digits are atiikinlels equal in size ; they both. cna to t e 
and what me. tr gains upon the unciform it apparently surrenders to me 
mages. Finally, there is every reason to agree with aloes the 


* Monogr. der G, Anthracotherium, Palponiap eae Bad. XXII, 18, pr 1015, 
+ Op. cit., pp. 17-24. y 


}The Perissodactyla. 


American Naturalist, 1987, Pp 990. 
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tion of the lateral digits in the ungulate foot is largely the direct result of elevation 
to the unguligrade position which rendered useless the shorter lateral digits of the 
plantigrade foot. Yet every step in reduction of the toes influenced the growth and 
displacement of the more proximal elements. 
It can be demonstrated that these three processes were concomitant, and while 
resulting directly or indirectly from the same causes, were not affected in the same 
degree by them. The problem may be expressed in this way: What were the prin- 
cipal factors in each of the above processes, and how did these processes interact. 
2. Theories of modification. As Kowalevsky was unaware of the primitive 
serial arrangement of the podial elements, his studies were chiefly directed to the 
phenomena of growth in the metapodials and the manner in which in the adaptive 
and inadaptive artiodactyls and in the perissodactyls the second and third metacar- 
pals spread from their respective carpals to the adjacent elements.* 
Rydery later pointed out the effect of impacts and strains upon the phenomena 
of reduction of the digits. 
Cope,{ the first to recognize the common development of the ungulate foot fk om 
a primitive serial type, was also the first to advance a “ displacement” theory: “ As 
the foot is descending towards the ground it is with the distal part of the leg rotated 
from within outwards. The rotation of the foot is promptly arrested at the moment 
of its contact with the ground, and the effect- of this arrest is to produce a torsion of 
the leg, and a pressure from within outwards of the proximal or moving element of 
each articulation against the distal or fixed element.” 
An adequate theory for the displacement phenomena must, however, explain the 
shifting of the metacarpals and metatarsals, as well as that which takes place between 
the two rows of carpals and tarsals. The latter always takes place (excepting in the 
Proboscidia) in the same direction. Prof. Cope’s theory has therefore to meet the ap- 
parently fatal objection that the arrest of rotation to the ectal side would be first felt 
at the junction of the metapodials and podials, and if it were of the character he de- 
scribes, would continually tend to separate these joints and displace them to the ental 
Der side, whereas we find them provided with facets to resist pressure towards the ectal 
7 side. 

 -It is a significant fact, recently pointed out by Weithofer s that in all ungulates 
bie the rea is larger than the ulna, the proximal row of carpals is displaced 


anf pS der Gatt. Anthracotherium, 1873, p. 142. 

ate +On the Laws of Digital Reduction. American Naturalist, 1877, p. athe 

tae {The Perissodactyla. American Naturalist, 1887, p. 986. 

: Biniee Remerbupgen ed den Serre der Proboscidier. K. Ant. Weithofer, Morph. Jabrb., 1888, p. 508. 
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to the ectal or ulnar side of the distal row; in the one order (Proboscidia) in which 
the ulna is the larger bone, the proximal row is moved, if at all, to the ental or radial 
side. 

3. Relation of the size of the radius and ulna to displacement. It thus appears 
probable that the transmission of the main body weight through 
the ectal or ental side has caused displacement between 
the first and second row of podial elements respectively to 
the ental or ectal side. But this is clearly not the only factor; if it were, 
this displacement should be proportional in the Diplarthra to the enlargement of the — 
tibia and radius respectively ; this is certainly not the case either in the carpus or tarsus. 

In the early horse series (yracotherium), in which the radius is enlarged and 
the ulna reduced more rapidly than in any other, the ectal displacement of the lunar 
is not so uniform nor so rapid as in the Rhinoceros series in which these bones retain 
approximately their primitive proportions. Compare the Priplopus carpus, with the | 
scaphoid resting chiefly upon the magnum and the lunar resting wholly upon the 
unciform, anteriorly, as a type of extreme displacement, with that of Hyracotherium — 
or Epihippus, in which the displacement is slight. The latter presents much less 
divergence from the taxeepod type, although the ulna is proportionately more reduced. 

We meet still greater difficulties in the pes, where, as seen by the contrasts in he 

members of the Hyuus, Hyracodon and -Rhinoceros series, the extension of the astrag-— ve 
alus upon the cuboid is seen to ‘be entirely independent of tibial enlargement. Nor — : 
is this extension a resultant of weight, as proven by the diversity of the cub } 
astragalar articulation in Dendrohyraw and Hyraw. We reach the conclusion 


while the direction of the displacement may be deter mine 
the transmission of the main weight through the en 
ectal side, the degree of displacement is not proporti 
to this enlargement, but is modified by other causes. “s s 

4, Growth and reduction take place by metatrophism, the separate cler \ 
the foot being hypertrophied or atrophied by increased or diminished use, 
in a transfer of nutrition, one element growing at the expense of another. sn 


oe 
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5. We are indebted to Prof. Harrison Allen’s* studies of the celebrated Muy- 
bridge photographs for the following laws of quadrupedal motion: — As the fore foot 
descends it passes under the body (p. 51), 7 ¢., inwards; striking the ground, it 
arrests the torsion of the trunk as the shoulder is turning forwards towards the oppo- 
site side (p. 57); it strikes upon the outer border (p. 83) and leaves by the inner 
border (p. 50), so that the pressure of the body is borne from without inwards across 
‘the foot ; as the foot is raised the sole is everted (p. 50). It follows (nobis) that to 
strike upon the outer border the sole must be slightly inverted as the foot is lowered ; 
secondly, in so far as the trunk torsion is transmitted to the fect, the feet must be 
rotating upon their own axis from the outer to the inner side. Let us first see how 
this theory of foot motion agrees with the metapodial displacement. 
6. The metapodial displacement is practically uniform throughout the Ungulata 
in the carpus, but very diverse in the tarsus. This difference is undoubtedly due to 
the fact that the fore foot is for support, the hind foot for propulsion. The latter 
moves forwards and backwards in a nearly straight line, thus the metapodials are 
variously displaced in accordance with slight lateral variations in this orthal move- 
ment. Inthe manus the second and third metacarpals invariably have ectal facets 
upon the magnum and unciform respectively. The only variation is in the adaptively 
reduced Artiodactyla in which the third metacarpal spreads also upon the trapezoid 
(Diag. 9): This disposition of the facets is perfectly adapted to resist the strain 
upon the metapodials as the foot swings inward in descent, this motion being univer- 
sal among the primitive types. Thus the cctal displacement of the mctapodials be- 
gins with the elevation of the wrist joint and precedes the interearpal displacement, 
(see Phenacodus, Diag. 8). It does not advance but appears to be retarded by the 
elongation of the metapodials, as in the palzeothere and equine line, as the lateral motion 
diminishes. The extension of these carpo-metacarpal facets is largely a matter of 
reciprocal growth, 7. ¢., the unciform, for example, extends inwards as the third meta- 
carpal extends outwards (compare Diags. 8, 9). 
7. Growth of the scaphoid and uniform. As a result of metacarpal displace- 
ment and of digital reduction, the unciform, already supporting the fourth and fifth 
digits, received a portion of the third digit. As the fifth digit persisted longer than 
the first, both the motion of the foot striking upon the outer border and the trans- 

mission of the direct weight through three digits contributed the maximum vertical 
and lateral strain to the ectal side of the second row of carpals and especially to the 
a -unciform, while in the bones of the first, row the ental side, the scaphoid and lunar, 


_*The Muybridge Work at the University of Pennsylvania. Materials for a Memoir upon Animal Locomotion. By 
Harrison Allen, Phila., 1888. 
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received the maximum pressure and lateral strain. At the same time, the ectal or 
ulnar side of the upper row and ental or radial side of the second row received a 
diminished pressure and strain by the reduction of the ulna and loss of the first digit 
respectively.* At all events the scaphoid grew outwards and the unciform grew 
inwards in all the Diplarthra; they thrust the lunar and magnum apart over the 
unciform and beneath the scaphoid respectively, in many cases without any actual or 
relative increase in the size of these elements, as demonstrated by the extremely : 
small size of both the magnum and lunar in the greatly displaced carpus of Zriplo- 
pus or Hyracodon. Thus what appears to be a rotation of the bones of the upper | 


a - 


G ; 
Phenacodus Mastodon Daheta jy tas as 


Diaa. 8.—The displacement of the bones of the -manus in the Ungulata, I. Phenacodus primeou: ; 

in the Cope collection. Coryphodon hamatus, after Marsh. Dendrohyraw arboreus, from original in the e 
lection. Macrauchenia patachonica, after Gervais. Mastodon Americanus from original in Princeton colle ior 
oblique arrows indicate the direction of displacement. ; _ ‘ 


row upon the second row, is in reality the growth of the scaphoid and u 
wards the median axis of the foot. This is carried to its extreme in the tr 
Perissodactyla, in which the mesial borders of the unciform and seapho' d are 
in contact in the mesaxial line, @. ¢., in the line carried through the midd tc 

This explanation is still inadequate, because we find, first, 
tain conditions the lunar shows a marked tendency to 


_ the mesial growth of the scaphoid and unciform ceases. 
- * A convenient illustravion of the effuct of digital reduction: K pals wi 
reduction of the scaphoid in the inadaptively reduced Artiod 


trapezium supporting the functionless second digit only. 
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8. Reduction and displacement. There is unquestionably an intimate connection 
between the reduction of the lateral toes and displacement. Ryder* has pointed out 
that where the strains are equally distributed among all the digits, there is rarely any 
specialization of toes, and that in general the reduction of the digits is in direct ratio 
to the increase of mechanical strains and the frequency and severity of impacts. 

Copet has recently assigned displacement as a cause or as preceding digital 
reduction. This supposition is rendered improbable by the numerous instances of 
reduction without displacement, for instance, the first digit of the manus and first 
and fifth digits of the pes in Hyrax; secondly, by the numerous cases of extreme 
reduction, as in the Pecora, with limited displacement. 

Now if we consider the manus with reference to the correlation of certain types 
of reduction and displacement, without reference to phylogeny, we find six types: 

I. The first type is theoretical, and will be found among the Puerco Condylar- 
thra. In it there is no reduction or displacement.{ Phenacodus is the nearest known 
representative, in which, however, there is initial reduction, metapodial displacement, 
slight intercarpal displacement, and a marked tendency to the mesaxonic type. I. 
The second type embraces the Amb! ypoda, with the lunar strongly and the scaphoid 
slightly or not at all displaced. There is no distinct median axis. III. The third 
or proboscidian type differs from the last only in the direction of the lunar dis- 
placement, which is usually upon the trapezoid. The median axis is not well defined. 
IV. The fourth type is shown in a typical condition in Z%tanotherium, also more or 
less marked in all tetradactyl Perissodactyla, as well as in all tetradactyl and 
didactyl Artiodactyla; it represents a stage in which the perissodactyl foot 
approaches the artiodactyl, the third and fourth toes spreading upon either side 
of the mesaxial line; the displacement of the carpals is apparently arrested, 
the lunar retaining some foothold upon the magnum. All tridactyl and monodactyl 
ungulates pass through this stage. V. The fifth type is invariably associated with 
tridactylism, incipient (Hyrachyus) or advanced (Aphelops), in which displacement 
is carried to an extreme and the mesaxial line passes directly through the third digit. 
VI. The sixth is associated with monodactylism and entire loss of lateral motion, in 
which the primitive displacement is counteracted by the growth of the magnum. 
VII. The seventh is represented in Macrauchenia, the lunar showing extreme reduc- 
tion, both the scaphoid and unciform articulating with the magnum. 


* On the Laws of Digital Reduction. American Naturalist, 1877, p. 603. ; 
+ ‘This rotation has resulted, sooner or later, in the loss of the first digit.’ American Naturalist, 1889, p. 986. 


+ The pes of Periptychus is so closely similar to that of the bear, the manus may be assumed to be of the same 
type. 


A. P. 8.— VOL. XVI. 37. 
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First. In Types II_and III the unreduced, nearly isodactyl and semiplanti- 
grade forms, the Amblypoda and Proboscidia, the unspecialized spreading toes trans- 
mit the strain from every side. We observe a marked increase in the 
size of the lunar. Among the Proboscidia the lunar either rests upon the 
magnum only or upon the magnum and trapezoid ; this is the common condition 3 or 
upon the magnum, trapezoid and unciform (see page 539). 

Second. In all the genera of the reduced types, excepting the highly spe- 


cialized Types VI and VII, it is a remarkable fact that the scapho-magnum and 


lunar unciform facets are subequal. It appears from a comparison of the vast num- 
ber of forms included in Types IV-VI, that reduction, altering as it does the entire 
system of digital strains, has had some definite influence in limiting or widening the 
extent of these facets, and that Prof. Cope has put the effect before the cause in 
stating that displacement precedes reduction. Schlosser has rightly reversed this 
relation.* | a. bis 
The permanent tetradactyl condition in. the perissodactyls of Type IV, like the Bes 
artiodactyl didactylism is paraxonie, 7. e., the greatest vertical strain is not trans-_ ae 
mitted directly through the median toe but between the third and fourth toes, thi 
with the lateral strain coming from the functional fifth toe, in some manner limits tl 
growth of the scaphoid and unciform, and in many instances results in the spreadin 


cidia and Amblypoda—at all events the growth of the lunar in each instance sug x 
such an analogy. a | a 


As this condition of the lunar occurs in widely separated phyla and i 


* Op. cit., p. 118: ‘Gleichzeitig mit dieser Reduktion der Seitenzehen findet auch eine Aenderuns ] 
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number of forms, it cannot be due to mere coincidence, but must be the result of cer- 
tain modifications of the pressure and strain transmitted to the carpus in paraxonic 
types. The loss of the lateral toes in the highly reduced Artiodactyla, in which the 
pressure is most perfectly divided between mts. ur and rv, from Eocene to recent times, 
has not been accompanied by any alterations of the relations of the lunar to the mag- 
num and unciform (see Anoplotherium and Cervus), apparently because there is no 
alteration in the axis of the metapodium. But in the Perissodactyla the reduction of 
me. Y, as can be readily observed in the rhinoceroses (see De Blainville, Osteographie, 
fi. tetradactylus of Auvergne, of Sansans, and 2. sumatrensis, unicornis, bicornis), is 
accompanied step by step by the displacement of the lunar from the magnum. Lateral 


compression of the carpus has nothing to do with this displacement, because the 


tapir, which is even now in the transition stage between Types [V and V, has a 
much narrower carpus than Aphelops. The tapir manus is now in the stage of evo- 
lution which was passed by the rhinoceros in the Miocene period. 

It follows from these cases that reduction per se does not influence displacement, 


but only in so far as (in the Perissodactyla) by releasing the carpus from the pressure 


of the v digit it brings the major axis directly through the centre of the third digit, as 


‘seen in Type V. This type thus embraces a large number of forms, in which reduc- 


tion of the fifth digit has been very rapid. The writer can find no exceptions to the 
law that mesaxonic tridactyl types of all the Tertiary periods show the extreme of 
diplarthrism. * 

Dr. Scott has called the writer’s attention to a third correlation of the lunar and 
reduction, as found by a comparison of the lunar, scaphoid and unciform in the 
adaptive and inadaptive Artiodactyla. In the inadaptive types (Hnteledon, Ano- 
plotherium, ete., see Kowalevsky) the lunar is enlarged at the expense of the scaph- 
oid; the latter resting upon the trapezoid, which in turn supports only the rudi- 
mentary second digit, the third digit forming no trapezoidal union. In the adaptive 
types, on the other hand, the third digit acquiring a trapezoidal facet, the scaphoid is 
somewhat larger and the lunar less enlarged. 


'TTARSUS. 


The above observations apply chiefly to the carpus, but precisely the same prin- 
ciples operate in the tarsal displacements. 
*The manus of Paleotherium medium, as figured by Kowalevsky (Paleontographica, Bd. XXII, Taf. VIL), presents 


an exception. But reference to De Blainville’s figure and to a cast of the original foot recently. presented to Princeton 
by the Paris Museum, shows that Kowalevsky’s figure is incorrect. There is no extensive lunar magnum facet, such 


as he represents. : . 
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The rapid reduction of the fibula accompanying the orthal movement of the limb 
hastens the displacement of the astragalus, in advance of any displacement in the 
carpus. 

The growth of the astragalus upon the cuboid and the cuboid beneath the as- 
tragalus are reciprocal. The former may be compared to the scaphoid and lunar dis- 
placement, the latter to the growth of the unciform beneath the lunar, 7. e., towards 
the mesaxial line. 

The line of association of reduction with certain forms of displacement observed 
in the manus has a parallel in the astragalo-cuboidal displacement. It will be ob- 
served that in the artiodactyl or paraxonic types there was a primitive disposition to 
form an astragalo-cuboidal facet, adapting the middle axis of the astragalus and 
caleaneum to the middle axis of the metapodium, which here passes between the sec- 
ond and third digits: On the other hand the Hyracotherium, Paloplotherium and 
JITyracodon mesaxonic types, as they all tend to monodactylism, show an arrest of 
displacement, owing to the growth of the third digit producing conditions similar to — 
those in the monodactyl carpus ; while genera of the iso-tridacty] mesaxonie type, 
the tapir, rhinoceros, etc., all show extreme astragalo-cuboidal displacement exactly — 
parallel to that in the carpus. 


CoNCLUSIONS. 


The laws of adaptation of the serial plantigrade foot to digitigradism may be - 
summarized as follows : 

1. Displacement is effected by the growth, arrested growth, or reduction of 
different, elements, and takes place in the direction of the greatest lateral strain, being 
most rapid in the elements which are subjected to the maximum vertical impact and 
lateral strain. 7 . 

2. The direction and degree of intercarpal displacements are adapted 
to the gradual alteration of the major axes in the bones of — 
the fore arm and of the metapodium respectively, as brought 
about by réduction, and tend to maintain these proximal and . 


> 


distal axes in the same vertical line. ' ae 


3. The initial displacement, however, preceding and independent of reduction, i 
the ectal movement of the metapodials, adapting these elements to 
the strain of the “stroke” upon the outer border, as the foot extends downward: 
inwards. 3 — 


4. In the unreduced isodactyl types, the strain of the spreading meta: 


a 
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converges to the centre of the carpus, without a defined median digital axis, and the 
lunar spreads to the ectal or ental side according as the respective growth of the 
radius or ulna alters the major axis of the fore arm. 

5. In the Diplarthra the major axis of the fore arm passes through the radius, 
and through the third digit (Mesaxonia) or between the second and third digits 
(Paraxonia). The outward displacement of the entire upper upon the lower row 
of carpals is apparent, not real; the magnum and lunar are arrested in growth, and 
the lunar remains almost directly in the mesaxial line; what actually takes place is 
the ental growth of the unciform and ectal growth of the scaphoid towards the 
mesaxial line, thrusting the magnum and lunar apart. : 

6. This growth is affected by the reduction of the lateral digits in so far as this 
alters their relation to the major axis of the metapodium. Where reduction leaves 
the major axis between the third and fourth digits, this growth is arrested ; where it 
leaves it directly through the third digit it is extreme ; where the third digit alone 
transmits the main impact, the displacement is neutralized by the growth of the ele- 
ments which directly support this digit (7. ¢., magnum and cuneiform 3). 


THE MAMMALIA OF THE UINTA FORMATION. 571 


EXPLANATION OF PLATES. 


Plate VII, 


PROTOREODON PARVUS. 
Fig. 1. 8 kul], side view ; 1a, base of skull and superior molars ; 10, brain from above ; ss, sylvian gyrus ; J, 
lateral ; m, median gyrus. 

. Inferior molars, internal view ; 2a, crown view. 

- Portion of carpus with first digit. 

. Humerus, anterior view of distal end. 

. Tibia and fibula, anterior view ; 5a, distal view. 

. Pes, anterior view, of a larger individual. 


za oOo FP oo DW 


. Phalanges, of fourth digit. 
8. Metatarsal 11, medial side of proximal end ; c,, facet for mesocuneiform ; ¢,, for entocuneiform. 


LEPTOTRAGULUS PROAVUS. : 
9. Lower jaw, side view, combined from specimens shown in Figs. 10 and 11. 
10. Lower jaw, inner view, showing pm. 4 and m. 1; a, crown view. 
11. Second and third lower molars of another specimen, inner view ; a, crown view. 
12. Ulna and radius, proximal end. 
13. Scapula, distal end; 13a, glenoid cavity. 
14. Metacarpal rv, anterior view; 14a, proximal end ; w, facet for unciform. 
15. Portion of tarsus, anterior view. 
16. Cuboid. 
(Figures natural size.) 


Plate VITI. 


DipLacopon, see page 514. 
Fig. 1-la. Fifth cervical vertebra, anterior view, lateral view. 

2. Dorsal vertebra, between d. 7 and d. 10. 
3-4. Lumbar vertebra, lateral view, posterior view. 
5. Femur, anterior view ; 5a, external view ; 50, distal view. 
6. Tibia, anterior view ; 6a, distal view. 
%. Left os innominatum, lateral view. X t. 
8. Calcaneum and astragalus, front; 8a, external ; 8d, posterior view of astragalus ; c, distal view. 
9. Carpals, proximal row ; probably belonging to a young individual ; a, proximal surfaces. Reference to 


Diplacodon uncertain. 


Plate IX. 


Drpe.acopon, see pages 515-16. 
Fig. 10. Ulna and radius, external view ; 10a, distal view ; 100, anterior view ; 10c, internal view. 
11. Humerus, posterior view,; 11a, external view. 
12. Left scapula, outer surface, x +; a, glenoid fossa, 
13. Right manus, x1 ; the carpals are restored from Palwosyops and Titanotherium ; the metacarpals 
are slightly foreshortened ; 6, mcs. 11-rv, proximal view ; @, me. Iv, distal view, X . 
14. Superior molar, probably m?. 
15. Axis, belonging to a smaller individual ; side view. 


\\ 
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Plate X. Be 


IsECTOLOPHUS ANNECTENS, see page 520. 


Fig. 1. Superior molars of left side ; 1a, external view of same. . 
2. Inferior molars, crown view ; 2a, external view of Ms. 
11. Inferior series of a younger individual (No. 10,399). 

oe eft carpus, front view, with the ne Stig restores 
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(calcaneal) Aha 
5. Phalanges probably belonging to the second and third digits. 
6. Metatarsals, distal portion, probably of WT end Iv ; 4, distal faces _ same. 
7. Tibia, distal face. 
8. Proximal view of radius and ulna. 


‘ 


AMYNODON INTERMEDIUS, see page 508. 
10. Palate and superior dentition; 10a, side view of superior dentition. 


MESONYX UINTENSIS. 


4 


9. Inferior premolar-molar series, internal view. 


Pate NS {3 
PLESIARCTOMYS SCIUROIDES. eee 


Fig. 1. Skull, from above ; 1a, base of skull; 10, side of skull; 1c, crowns of superior molars ; ld. 
inferior molars and incisor. as 
2. Tibia, side view ; 2a, humerus, side view. 


EPIHIPPUS UINTENSIS, see page 529. 


38. Lower jaw, from above ; 3a, side view. 
4. Forearm and manus, front view; 4a, side view. ie eee ae 
5. Tarsus, front view. ~ é ae : Wee 


TRIPLOPUS OBLIQUIDENS, see page 525. 


6. Superior molars, crown view; 6a, external view. _ 2.4.2 re 
7. Inferior molars and alveoli, type of J. obliquidens (No. 10,402). = 
8. Manus, front view. 

9. Pes, front view. ‘ ; : ‘ 
10. Third superior molar (No. 10,402). . = 
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LESIARCTOMYS, 1-2a. EPIHIPPUS, 3-5. TRIPLOPUS, 6-10. 
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